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C H A P T E R  I 
INTRODUCTION
F o r  m a n y  y e a r s  lodgepo le  p ine h as  b e e n  c o n s id e r e d  a w eed  
s p e c ie s .  R e c e n tly ,  h o w ev e r ,  lodgepo le  h as  co m e  in to  g r e a t e r  u se  fo r  
pulp wood, s m a l l  p o le s ,  and lu m b e r .  T he wood of lo d g ep o le  h as  p h y s ic a l  
c h a r a c t e r i s t i c s  s i m i l a r  to  th a t  of p o n d e ro s a  p ine . C o n s id e r in g  th a t  
M ontana h as  4. 7 m il l io n  a c r e s  of lodgepo le  type , th is  s p e c ie s  h as  a 
b r ig h t  fu tu re .
E x te n s iv e  s ta n d s  of lodgepo le  p ine  a r e  found on w e ll  d ra in e d  
s o i l s ,  in  a r e a s  of low m e a n  t e m p e r a tu r e s  and p le n tifu l  s u m m e r  r a in s .  
E a r ly  ro o t  and c row n  d ev e lo p m en t of lodgepo le  is  p o o r ,  r e s u l t in g  in 
s m a l l  and  f r a i l  s e e d l in g s .  C o n seq u en tly  an  ad e q u a te  su p p ly  of m o i s tu r e  
is  e s s e n t i a l  to  s u rv iv a l .  In add ition , lodgepo le  p ine  is  an  in to le r a n t  
s p e c ie s  and  i ts  s e e d l in g s  r e q u i r e  m in e r a l  so i l ,  fu l l  su n lig h t ,  and l i t t l e  
c o m p e ti t io n  if th e y  a r e  to  s u rv iv e .
F i r e  p la y s  an  im p o r ta n t  r o le  in th e  n a tu ra l  r e p ro d u c t io n  of 
lodgepo le  p ine  s ta n d s .  M any s ta n d s  co n ta in  s e e d  s to r e d  in s e ro t in o u s  
c o n e s .  F i r e  c r e a t e s  t e m p e r a tu r e s  n e c e s s a r y  f o r  th e  r e l e a s e  of s e e d  
and  p r e p a r e s  s e e d  b e d s  f a v o ra b le  to  g e rm in a t io n .  U n fo r tu n a te ly , s i t e  
p r e p a r a t io n  is  often  too  th o ro u g h . Seed b ed s  of s c a r i f i e d  s o i l  and the  
s e e d  su p p ly  a r e  abundan t, r e s u l t in g  in  o v e rs to c k e d  s ta n d s .  C o n s e ­
quen tly , s ta n d s  co n ta in in g  u p w a rd s  of 10, 000 s t e m s  p e r  a c r e  a r e  co m m o n .
S im i la r  p ro b le m s  a r e  in c u r r e d  in th e  r e g e n e ra t io n  of lo d g e ­
po le  p ine  s ta n d s  fo llow ing  c le a rc u t t in g .  In m o s t  c a s e s  lo d g ep o le  s l a s h  
is  m e c h a n ic a l ly  la id  c lo s e  to  th e  g round  w h e re  the  s e ro t in o u s  co n es  
a r e  opened by  h e a t  f ro m  t e r r e s t r i a l  s o l a r  r a d ia t io n .  L a rg e  q u a n t i t ie s  
of s c a r i f i e d  s o i l  c r e a te d  in  logging  and s i t e  p r e p a r a t io n  t r e a tm e n t s ,  
coup led  w ith  th e  abundance  of s e e d  co n ta in ed  in s e ro t in o u s  c o n e s ,  r e ­
s u l t s  in d e n se  s to ck in g .
Two co m m o n  m e th o d s  of s i t e  p r e p a r a t io n ,  b r o a d c a s t  b u rn in g  
and p iling  in w ind row s and b u rn in g , have  b e e n  t r i e d  f o r  th e  r e g e n e ra t io n  
of lodgepo le  p in e  in  th e  p a s t .  B ro a d c a s t  b u rn in g  e x p o se s  m in e r a l  s o i l  
and d e s t ro y s  so m e  se ed .  U sually , though, s i t e  p r e p a r a t io n  is  too  
th o ro u g h  and d en se  s ta n d s  of r e p ro d u c t io n  a r e  p ro d u ce d .  In a few 
c a s e s  a hot f i r e  m a y  d e s t ro y  th e  s e e d  s o u r c e  and s to c k in g  is  n il.  
P i l in g  in w ind row s and  b u rn in g  is  th e  c u r r e n t ly  r e c o m m e n d e d  p r o c e d u r e ,  
but th is  m e thod  in t ro d u c e s  an  a d d it io n a l f a c to r  of p o o r  s e e d l in g  d i s t r i ­
bu tion . D ense  re p ro d u c t io n  w ill  often  o c c u r  b e tw e en  the  w in d ro w s w ith  
r e p ro d u c t io n  w ith in  th e  w ind row s lack in g .
T he abundance  of s e e d  h e ld  in p e r s i s t e n t  s e ro t in o u s  cones  in  
a ty p ic a l  s tan d  h in d e r s  a t te m p ts  to  c o n t ro l  s ta n d  d e n s i t ie s .  C o n s e ­
quen tly , f o r e s t e r s  a r e  b ec o m in g  in t e r e s t e d  in new s i t e  p r e p a r a t io n  
m e th o d s  th a t  m ig h t  c o n t ro l  s to c k in g  le v e ls .  By c o n tro l l in g  s i t e  i t  is  
p o s s ib le  th a t  co nd itions  of m o is tu r e ,  l ig h t ,  and t e m p e r a tu r e  can  be 
c r e a te d  th a t  a r e  d e t r im e n ta l  to  g e n e ra l  s e e d  g e rm in a t io n  and  se e d l in g  
s u r v iv a l .
B ru s h  c h o p p e rs ,  w h ich  have b e e n  u se d  s u c c e s s fu l ly  in  
S o u th e rn  f o r e s t r y  p r a c t i c e ,  have  r e c e n t ly  b een  in tro d u c e d  to  M ontana 
in an  a t te m p t  to  o v e rc o m e  th e  p ro b le m s  a s s o c ia te d  w ith  lodgepo le  p ine  
r e g e n e ra t io n .  T he c h o p p e r  is  a  20, 000 pound d ru m , w ith  a t ta c h e d  
cu tting  b la d e s ,  w hich  is  p u lled  beh in d  a l a r g e  t r a c t o r .  The t r a c t o r  
b lad e  f a l ls  s ta n d in g  s l a s h  and th e  d ru m  b r e a k s  it  in to  s m a l l  p ie c e s ,  
c ru sh in g  it  in to  the  g round  (P la te s  1 and 2, page  4). F u e l  v o lu m e s  
a r e  not r e d u c e d  u s in g  th e  c h o p p e r  bu t th e  f i r e  h a z a r d  is  r e d u c e d  in th e  
a l te r in g  of fu e l  d is t r ib u t io n .  T h e o re t ic a l ly ,  the  ab undance  of s la s h ,  
coupled  w ith  s m a l l  am o u n ts  of m in e ra l  so i l ,  w ill  r e s u l t  in  cond itions  
f a v o ra b le  to  l im it in g  g e rm in a t io n  and se e d l in g  e s ta b l i s h m e n t .
P i l in g  and b u rn in g  and r e d i s t r ib u t io n  of s l a s h  u s in g  th e  ro l l in g  
ch o p p e r  a r e  two m e th o d s  of s i t e  p r e p a r a t io n  and s l a s h  d is p o s a l  u sed  
fo r  lodgepo le  p ine  r e g e n e ra t io n  in  so u th  c e n t r a l  M ontana. The p u rp o s e  
of th is  s tu d y  w as  a c o m p a r is o n  be tw een  th e s e  tw o m e th o d s  to  find out 
w hich  r e s u l t s  in r e g e n e ra t io n  at m o r e  fa v o ra b le  s to c k in g  le v e ls .  Of 
p r i m a r y  i n t e r e s t  w e re  s i t e  p r e p a r a t io n ,  s e e d lin g  d e n s i t ie s  and d i s t r i ­
b u tio n s ,  and v e g e ta t io n a l  co m p e ti t io n . Secondly , s i t e  p r e p a r a t io n  and 
co m p etin g  v e g e ta t io n  w e re  ev a lu a te d  in th e i r  r e la t io n  to  s e e d l in g  r e g e n ­
e r a t io n  and  m o r ta l i ty .
P L A T E  1
THE MARDEN BRUSH C H O P P E R
P L A T E  2
SLASH T R E A T E D  WITH THE MARDEN BRUSH C H O P P E R
C H A PT E R  II 
L IT E R A T U R E  REVIEW
I. HISTORY O F U TILIZA TION
L e B a r r o n  (1952) o u tlined  a  b r i e f  h i s to r y  of lodgepo le  p ine
u t i l iz a t io n  in  M ontana:
T he p io n e e r  m in e r s ,  r a i l r o a d  b u i ld e r s ,  and  r a n c h e r s ,  who e n te re d  
M ontana b e tw e en  1860 and 1880, r e l i e d  h e a v ily  upon lodgepo le  p ine  
(P in u s  c ont o r  t a ) as  a  p r im e  s o u r c e  of wood fo r  t h e i r  o cc u p a tio n a l 
r e q u i r e m e n t s .  T he r a i l r o a d  co n su m ed  l i t e r a l l y  m il l io n s  of hew n 
lodgepo le  p in e  c r o s s  t i e s .  The m in e r s  u se d  im m e n s e  q u a n t i t ie s  
f o r  S tu lls ,  lagg ing , and c h a rc o a l .  The r a n c h e r s  b u i l t  th o u sa n d s  
of m i le s  of c o r r a l s  and ja c k le g  fe n ce s  f ro m  th is  s a m e  t r e e  th a t  
th e  Ind ians found so  w e ll  s u i te d  to  te p e e  c o n s t ru c t io n  th a t  i t  h as  
b e e n  n a m e d  " lodgepo le  p ine . " C utting  con tinued  a t a h igh  though 
p ro b a b ly  d im in ish in g  r a t e  un til  about 1930. It shou ld  no t b e  f o r ­
g o tten  th a t  a t  one t im e  the  D ee r lo d g e  N ationa l F o r e s t  r a n k e d  f i r s t  
in  v o lu m e  of cut and  s tu m p a g e  r e c e ip t s  am ong  the  n a t io n a l  f o r e s t s  
of th e  N o r th e rn  R eg ion . T hen  a v a r i e ty  of eco n o m ic  f a c to r s  c a u se d  
th e  s u b s t i tu t io n  of o th e r  woods and o th e r  m a te r i a l s  f o r  lo d g ep o le  
p in e  in  M ontana; and cu tting , ex cep t fo r  s t r i c t l y  lo c a l  co n su m p tio n , 
a lm o s t  c e a s e d .
A bout 1945, lo d g ep o le  p ine  a g a in  r a t h e r  a b ru p t ly  w as  b ro u g h t  b a c k  
in to  the  t im b e r  m a rk e t .  T h is  t im e  th e  ch ie f  bu lk  p ro d u c t  is  p u lp -  
wood fo r  h ig h -g ra d e  p a p e r  pulp , and  th e  h ig h e s t  s tu m p a g e  v a lu e  
p ro d u c t  is t r a n s m i s s i o n  l in e  p o le s .  F u r th e r m o r e ,  lodgepo le  p ine  
is  in c r e a s in g  in  im p o r ta n c e  a s  a lu m b e r  s p e c ie s .  T oday, it s e e m s  
to  be  a s s u r e d  of p e rm a n e n t  m a r k e t s  f o r  s e v e r a l  im p o r ta n t  p r i m a r y  
p ro d u c ts .
C o n s id e r in g  th a t  t h e r e  a r e  14. 5 m il l io n  a c r e s  of th e  lo d g ep o le  
ty p e  in  th e  N o r th w e s t ,  32. 4% of w hich  is  in M ontana (F ig u re  1), it is  
obvious th a t  lo d g ep o le  p ine  h as  b e e n  a n e g le c te d  s p e c ie s .  The p ro b le m  
h a s  a p p a re n t ly  b e e n  one of ec o n o m ic  p r o c e s s in g  of th e  u su a l  s m a l l  s i z e
FIGURE 1 
THE RESOURCE
LODGEPOLE PINE IS AN IMPORTANT WESTERN TIMBER SPECIES
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]32
Dou^Ias fir
37
Ponderosa. pine 
m ii t ion s  of ocre s
There are 14.5 million 
acres of lodgepole pine 
type in the United States. 
From the standpoint of area, 
it ranks third behind the 
Douglas-fir and ponderosa 
pine types in the West.
..AND IT GROWS MAINLY IN THE ROCKY MOUNTAINS.
80 % of the lodgepole pine 
is in these four 
states
M ONTANA
COLORADO
11.6 million acres of 
the type are in four Rocky 
Mountain States.
Montana
Idaho
Wyoming
Colorado
4.7
3.1
1.9
1.9
Total 11.6
S o u r c e :  w ik s tr o m , 1 9 3 7 •
c l a s s e s  a s s o c ia te d  w ith  lo dgepo le  p ine  c o m p a re d  w ith  th o se  of l a r g e r  
t im b e r  s p e c ie s .  T he r e c e n t  t r e n d  to w a rd s  h ig h e r  u t i l iz a t io n  of lo d g e ­
p o le  p ine  t im b e r  is  a  r e f le c t io n  of s h o r ta g e s  in  m o r e  sough t a f te r  
s p e c ie s .  S til l ,  in  1955, w e h a r v e s te d  only o n e - f i f th  of th e  a llo w ab le  
cut fo r  th e  m o u n ta in  s t a t e s  (W ik s tro m , 1957), su g g e s t in g  the  p r e s e n c e  
of l in g e r in g  p r e ju d ic e  a g a in s t  th is  s p e c ie s  and of in su f f ic ie n t  e n g in e e r ­
ing a d v a n c e m e n ts  in  th e  u t i l iz a t io n  of s m a l l  s iz e  c l a s s e s  of t im b e r .
S ince  th e  t im b e r  s i tu a t io n  is  chang ing  to  the  ad v a n tag e  of 
lodgepo le  p ine , we can  beg in  to  e m p h a s iz e  i ts  a t t r ib u te s  fo r  lu m b e r .  
W hile lo dgepo le  does not y ie ld  enough s e le c t  b o a rd s  to  s h a r e  th e  
m a r k e t  f o r  s e le c t  m a te r i a l ,  th e  g ra d e  r e c o v e r y  is  c e r ta in ly  s a t i s ­
f a c to ry  and  th e  lu m b e r  shou ld  be  in  d em an d  f o r  m a n y  u s e s  (W ik s tro m , 
1957). The p h y s ic a l  p r o p e r t i e s  of lodgepo le  p ine  lu m b e r  a r e  c o m ­
p a r e d  w ith  p o n d e ro s a  p ine  in F ig u re  2, page  8. B o a rd s  of th e s e  
s p e c ie s  a r e  v e r y  s i m i l a r  and could  b e  u sed  in te rc h a n g e a b ly  fo r  m a n y  
u s e s  and shou ld  co s t  th e  s a m e  (W ik s tro m , 1957).
II. THE HABITAT
L odgepo le  p in e  is one of th e  m o s t  w id e s p re a d  s p e c ie s  in the  
R ocky M ounta in  R eg ion  (C r i tc h f ie ld ,  1957). It g ro w s w ith  p o n d e ro s a  
p in e  a t  e le v a t io n s  as  low a s  3, 000 ft. and w ith  w h i te b a rk  p ine  and s u b ­
a lp in e  f i r  a t  e le v a t io n s  ex ceed in g  7 ,0 0 0  f t.  (T ra p p e  and H a r r i s ,  1958). 
It g ro w s  f r o m  s o u th e a s t e r n  A la sk a  and th e  Yukon T e r r i t o r y  so u th  to
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P o n d e ro s a L odgepo le
p ine p ine  _
W eight - -pounds p e r  cub ic  fe e t  
(8 p e r c e n t  m o is tu re ) 27. 5 2 8 .2
S t r e n g th - - s t a t i c  bend ing , f ib e r  s t r e s s  
a t  p r o p o r t io n a l  l im i t ,  P .  S. 1.
(12 p e r c e n t  m o i s tu r e  con ten t) 6, 300 6, 700
S h rin k ag e  b a s e d  on d im e n s io n s  w hen  
g ree n ;  d r ie d  to  6 p e r c e n t  m o is tu r e  
con ten t.
T a n g e n tia l  (p e rcen t) 5. 0 5. 4
R a d ia l  (p e rc en t) 3. 1 3. 6
H a rd n e s s  - - lo a d  r e q u i r e d  to  im b ed  0 .4 4 4 -  
in ch  b a l l  to   ̂ i t s  d ia m e te r ,  pounds 
(12 p e r c e n t  m o is tu r e  con ten t) 450 480
S ource ; W ik s tro m , 1957.
N o r th e rn  B a ja  C a l i fo rn ia  and  e a s t  to  th e  B lack  H ills .  Of the  fo u r  s u b ­
s p e c ie s  of lodgepo le  p in e , th is  s tu d y  is  c o n c e rn e d  only  w ith  th e  in land  
fo rm  found f ro m  th e  Yukon down to  C o lo ra d o ,
L odgepo le  p in e  is  ty p ic a l ly  found in a r e a s  w h e re  th e  s u m m e r s  
a r e  f a i r l y  d r y  and p r e c ip i ta t io n  is  l ik e ly  to  b e  d e f ic ie n t  fo r  a s h o r t  
p e r io d  d u r in g  th e  g ro w in g  s e a s o n .  B e s t  d ev e lo p m en t o c c u rs  w h e re  
p r e c ip i t a t io n  is  21 in c h e s  o r  m o re ,  b u t ex te n s iv e  s ta n d s  o c c u r  w h e re  
p r e c ip i t a t io n  is  on ly  18 in c h e s  (U. S. D. A. Handbook 271, 1965).
A v e ra g e  J u ly  t e m p e r a t u r e s  a r e  b e tw e en  55 an d  63®f. S e a so n a l  t e m p e r ­
a tu r e s  m a y  ra n g e  f ro m  100 down to  -5 5 ^ f .
In s o u th e rn  M ontana lodgepo le  p in e  is  found b e tw een  6, 000 and 
10, 500 ft* e lev a t io n . It m a y  be  found u n d e r  a  w ide  v a r i e ty  of to p ­
o g ra p h ic a l  co n d it io n s ,  bu t m a k e s  i ts  b e s t  g row th  on b a s in s ,  f la t  r i d g e - 
to p s ,  and  g en t le  n o r th  and  e a s t  s lo p e s  (T ra p p e  and H a r r i s ,  1958).
Good s ta n d s  a r e  found on s o i l s  d e r iv e d  f ro m  g ra n i te ,  s h a le ,  and s a n d ­
s to n e .  S eed lin g s  of lodgepo le  p in e  a r e  f r a i l  and  in th e  f i r s t  two o r  
th r e e  m o n th s  ro o t  d ev e lo p m e n t is  m in im a l  ( T a r r a n t ,  1953). T h e r e f o r e ,  
lodgepo le  is b e s t  ad a p ted  to  s h e l t e r e d  s i t e s  w ith  lo o se ,  m o is t ,  w e ll  
d r a in e d  s o i l s .
III. L IF E  HISTORY
L odgepo le  p in e  is  w id e ly  r e g a r d e d  a s  a  f i r e  s p e c ie s ,  w ith  
in h e re n t  p r o p e r t i e s  enab ling  i t  to  c a p i ta l iz e  on th e  e f fec ts  of f i r e  on 
f o r e s t  v e g e ta t io n .  T he  a b i l i ty  to  r e p ro d u c e  i t s e l f  a f t e r  f i r e ,  and  to  
r e p la c e  t r e e  s p e c ie s  no t c a p a b le  of r e p ro d u c t io n  a f te r  f i r e ,  is  due to  
th e  c lo s e d - c o n e  h a b i t  (C r i tc h f ie ld ,  1957) (P la te  3, page  10). T h ro u g h ­
out th e  in te rm o u n ta in  r e g io n  th is  s e ro t in o u s  h ab it  i s  w id e s p re a d .
L o tan  (1967 and  1968), in  s tu d ie s  n e a r  W est Y e llo w sto n e , M ontana, 
and  Is lan d  P a r k ,  Idaho, found th e  in c id e n c e  of t r e e s  b e a r in g  p r e d o m ­
in a n t ly  s e ro t in o u s  co n es  to  b e  37. 8, 57. 5, 4 8 .0 ,  and  23. 0% in fo u r  
s t a n d s .  A p p a re n t ly  th e  d e g re e  of cone  s e r o t in y  w ith in  a s ta n d  of
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lodgepo le  p ine  is  dependen t upon th e  f i r e  h i s to r y  w ith in  th a t  s ta n d .  
E v e n -a g e d  s ta n d s  o r ig in a t in g  by  f i r e  w ould u n d e rg o  a  s t r o n g  g e n e tic  
s e le c t io n  th ro u g h  e s ta b l i s h m e n t  f ro m  se e d  r e l e a s e d  f r o m  s e ro t in o u s  
cones  by  f i r e .  U n ev e n -a g ed  s ta n d s  e s ta b l i s h e d  o v e r  th e  y e a r s  f ro m  
s e e d  r e l e a s e d  f ro m  n o n - s e ro t in o u s  cones  w ould b e  s e le c t iv e  fo r
th e  open cone h ab i t .
T he  s e ro t in o u s  h ab i t  of a  lo d g ep o le  p in e  cone is due to  th e  
p ro d u c t io n  of a  r e s i n  about th e  m a rg in  of th e  cone s c a le s  w h ich  s e a l s  
th e  s c a l e s .  T he  m e l t in g  p o in t  of th is  s e a l  is  a p p ro x im a te ly  143. 5° f.
11
T h is  is  above  th e  ra n g e  of n o r m a l  s u m m e r  t e m p e r a tu r e ,  bu t a lm o s t  
any  f o r e s t  f i r e  is  l ik e ly  to  g e n e ra te  t e m p e r a tu r e s  h igh  enough to  b r e a k  
th e  cone s e a l  (C r i tc h f ie ld ,  1957). A g r e a t  s e e d  f l ig h t d i r e c t ly  fo llow s 
a  f i r e .  T he ab undance  of s e e d  th a t  is  f r e e d  and th e  id e a l  g e rm in a t in g  
co n d itio n s  c r e a te d  in b u rn s  ac co u n ts  f o r  th e  h igh  d e n s i ty  le v e ls  w h ich  
s o  often  e x is t  (S m ith e rs ,  1961). On a b u rn  in  M ontana a s in g le  m i l l  
a c r e  p lo t  w as  s to c k e d  w ith  765 ten  to  e lev en  y e a r  old t r e e s  (L e B a r ro n ,  
1952). In o th e r  s tu d ie s  t h e r e  have  b e e n  a s  m a n y  a s  175, 000 e igh t 
y e a r  old t r e e s  p e r  a c r e  fo llow ing  w ild f i r e  (U. S. D. A. Handbook 2 71, 
1965).
L odgepo le  p in e  is  r a te d  a  p ro l i f ic  s e e d e r .  Boe (1954) 
s ta te d  th a t  good cone c ro p s  ca n  be ex p e c ted  a t  1-3 y e a r  in te rv a ls  w ith  
l ig h t c ro p s  in te rv e n in g .  T h roughou t M ontana lo d g ep o le  p ine  cone c ro p s  
a r e  f a i r  to  good fo r  1 -9  c o n se c u t iv e  y e a r s ,  fo llow ed by  1-4  y e a r s  of 
p o o r  c r o p s .  S tud ies  in  M ontana have show n n u m b e rs  of v ia b le  s e e d  
to  be  2 0 -2 5  p e r  cone  (U. S. D. A. Handbook 2 71, 1965). A v e ra g e s  of 
50, 000 and 21, 000 s e e d  p e r  t r e e  f ro m  old and  new co n es  to g e th e r  
w e re  found on a r e a s  in  Idaho and  C o lo ra d o  (C le m e n ts ,  1910). B a te s  
(1930) o b s e rv e d  an  an n u a l y ie ld  of 320, 000 s e e d  p e r  a c r e  f o r  an  a r e a  
in  C o lo ra d o  w h ile  L o tan  (1967 and  1968) o b s e rv e d  y ie ld s  of 0 ,8 ,  1. 8, 
1 .0 ,  and  3 .2  m i l l io n  s e e d  p e r  a c r e  on a r e a s  v e r y  n e a r  th e  s tu d y  a r e a  
fo r  th is  th e s i s .
L odgepo le  p in e  m a y  b eg in  to  p ro d u c e  s e e d  a t an  e a r ly  age
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(C rossley, 1956). In open grown stands, trees produce seed at 5-10  
years while in heavier stocked stands seed is produced beginning at 
15-20 y ea rs . C rossley  suggested the possib ility  that the closed cone 
habit is  restricted  to older stands, with the open coned habit being 
restricted  to young stands. Apparently in som e stands there is a 
genetic factor which allows trees that have produced open cones at a 
young age to begin producing closed cones. If this assumption is 
correct, it may have a valuable survival influence for lodgepole pine. 
Understocked stands would fill in from seed released  from open cones, 
gaining full stocking of the s ite . As the stand approaches maturity the 
serotinous cone aspect takes dominance, providing for su ccessfu l r e ­
generation in the event fire  destroys the stand.
The basic factors affecting lodgepole pine germination and 
establishm ent include m oisture, temperature, and light (Smithers, 
1961). B est seedling establishm ent occurs in full sunlight and on 
m ineral so il or disturbed duff free of com petitive vegetation. On deep 
litter  accumulations germination may take place, but survival is poor 
because of rapid drying of litter  and duff in the droughty sum m er 
months and the failure of seedling roots to becom e established in a 
permanent m oisture supply (Smithers, 1961). Ackerman (1957) found 
better survival on scarified  m ineral seedbeds than on burned seedbeds 
(52 v s . 40%). Poorer survival was probably due to high rates of 
absorption of so lar radiation,by blackened so il and the subsequently
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h ig h e r  t e m p e r a tu r e s  r e a l i z e d  on th is  s t r a t a .  A c k e rm a n  a l s o  s ta te d  
th a t  lo d g ep o le  s e e d l in g s  a r e  s e n s i t iv e  to  ro o t  c o m p e ti t io n  f r o m  o th e r  
p la n t  s p e c ie s .
The r e g e n e r a t io n  of lodgepo le  p in e  fo llow ing  w i ld f i r e  o r  s i lv i  
c u l tu r a l  h a r v e s t  m a y  fa i l  f o r  m a n y  r e a s o n s .  T he th r e e  le g s  of th e  
r e g e n e r a t io n  t r i a n g le  a r e  a s e e d  s o u r c e ,  p r o p e r  se e d b e d ,  and c o n d i­
t io n s  s u i ta b le  fo r  s u rv iv a l  (P la te  4, below ). W ith lodgepo le  p in e , th e  
s e e d  s o u r c e  can  be  e i th e r  f ro m  s e e d  r e l e a s e d  an n u a lly  f ro m  open
P L A T E  4
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co n es  o r  f r o m  s e e d  c o n ta in e d  in s e ro t in o u s  co n es  (C ro s s le y ,  1956; 
L o tan , 1967 and  1968), D ependence  on r e g e n e ra t io n  f ro m  open cones  
is  q u e s t io n a b le  in  th e  R ocky  M oun ta in s . C r o s s l e y  (1955), in a  s tu d y  
of lo d g ep o le  p in e  in  A lb e r ta ,  found th e  an n u a l s e e d fa l l  f r o m  open co n es  
to  b e  on ly  550-2450 s e e d  p e r  a c r e ,  w ith  an  a v e ra g e  of 1517. C r o s s l e y  
s t a t e s  th a t  th is  s e e d fa l l  is in a d eq u a te  f o r  p u r p o s e s  of r e s to c k in g .  E ven  
in  M ontana, w h e re  th e  in c id en c e  of th e  o p en -co n e  h ab it  is  m o r e  f r e ­
quen t ( a p p ro x im a te ly  50% v s .  20% f o r  A lb e r ta ) ,  I f e e l  th a t  s e e d fa l l  
is  p ro b a b ly  in su f f ic ie n t .  On th e  o th e r  hand, s e e d  co n ta in ed  in s e r o t i ­
nous co n e s  m a y  r a n g e  u p w ard s  of t h r e e  m il l io n  p e r  a c r e  in s o u th e rn  
M ontana f o r e s t s ,  p ro v id in g  an  often  o v erab u n d a n t s e e d  s o u r c e  f o r  r e ­
g e n e ra t io n .  C o c h ra n  (1969) s ta te d  so m e  cond itions  u n fa v o ra b le  to  th e  
e s ta b l i s h m e n t  of lo d g ep o le  p in e  s e e d lin g s :
1. a n im a l  d a m a g e  m a y  be  im p o r ta n t - - m a n y  s m a l l  a n im a ls ,  
e s p e c ia l ly  p o ck e t g o p h e rs ,  c o n g re g a te  in c l e a r  c u ts .
2. s e e d  d i s p e r s a l  m a y  be  in a d eq u a te ,
3. h e a t  in ju ry  and d ro u g h t  m a y  c a u se  so m e  m o r ta l i ty .
4. s e v e r e  n igh t f r o s t s  d u r in g  g e rm in a t io n  of ISOf, can  c a u se  
d e a th  of in d iv id u a l s e e d l in g s .
IV. GROWTH AND YIELD
In lo d g ep o le  p in e  m o s t  of th e  g row th  f a c to r s  - -v o lu m e , d i a m ­
e t e r ,  and  h e i g h t - - a r e  s t r o n g ly  in f lu en ced  by  s ta n d  d en s ity ,  r e g a r d l e s s  
of s i t e  (S m ith e r s ,  1956). S tand v o lu m e  is  i n v e r s e ly  r e l a t e d  to  the  
n u m b e r  of s t e m s  p e r  a c r e  b e c a u s e  d ia m e te r  and he igh t a r e  a f fe c te d
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by  th e  n u m b e r  of s t e m s  p e r  a c r e  (F ig u re s  3 and 4, p a g e s  16 and  17).
In s ta n d s  of m o r e  th a n  200-300  s t e m s  p e r  a c r e  the  p r o p o r t io n  of v o l ­
u m e  in  l a r g e r  t r e e s  d e c r e a s e s  as  d e n s i ty  i n c r e a s e s ,  m a sk in g  the  
r e la t io n s h ip  b e tw e e n  ag e  and  v o lu m e  (T ra p p e  and  H a r r i s ,  1958). B a s a l  
a r e a ,  h o w ev e r ,  is  f ixed  by  th e  s i t e  q u a li ty . A b e t t e r  s i t e  i s  ab le  to  
s u p p o r t  a  s ta n d  of t im b e r  w ith  a  h ig h e r  am o u n t of b a s a l  a r e a  and  th e  
b a s a l  a r e a  w ill  be  co n s tan t  r e g a r d l e s s  of s ta n d  d e n s ity .
L odgepo le  p in e  is  a  p io n e e r  s p e c ie s  c h a r a c te r i z e d  by  ra p id  
e a r l y  h e ig h t g ro w th  and  s u r p a s s e s  m o s t  of i t s  a s s o c ia te d  t r e e  s p e c ie s  
(T ra p p e  and H a r r i s ,  1958) (P la te  5, page  18). As ju v e n ile  g row th  
s lo w s down, th e  o th e r  t r e e  s p e c ie s  u s u a l ly  c a tc h  up and s u r p a s s  the  
lo d g ep o le  p in e . A f te r  i ts  e a r ly  h e ig h t g ro w th  lodgepo le  p ine  i n c r e a s e s  
i ts  c ro w n  a r e a  and good g row th  is  m a in ta in e d  long a f t e r  it r e a c h e s  a 
s ta g n a te d  cond ition  (T ra p p e  and  H a r r i s ,  1958).
L odgepo le  p ine  can  m a in ta in  i t s e l f  a lm o s t  in d e f in i te ly  in a 
m ix e d  f o r e s t .  Its  v a r i a b le  s e e d  h a b i t  a llow s it  to  sh e d  s e e d  f r o m  open 
co n es  in to  open ings c r e a te d  in  a c lo s e d  f o r e s t  and th e  s e ro t in o u s  
h ab i t  i n s u r e s  s u r v iv a l  fo llow ing  w i ld f i r e .
Y ie ld s  of 1 2 ,0 0 0 -1 5 ,0 0 0  bd . f t .  p e r  a c r e  a r e  c o n s id e re d  
good in  o ld -g ro w th  lo d g e p o le  p in e  s ta n d s ,  m o s t  t r e e s  a t  140 y e a r s  a r e  
7-13 in c h e s  in  d ia m e te r  and 60-80  f t.  h igh  (U. S. D. A. H andbook 271, 
1965). U n d er  m a n a g e m e n t  co nd itions  y ie ld s  m a y  b e  a s  h igh  as  2 3 ,0 0 0  
bd. f t .  p e r  a c r e  a t  120 y e a r s .
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FIGURE 3; AVERAGE DIAMETER OP THE 100 LARGEST TREES IN LPP 
STANDS OF VARING DENSITY.
S o u rce; S m ith e r s , I 9 6 I .
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FIGURE 4 : THE EFFECT OF STOCKING ON THE DOMINANT HEIGHT OF 90.
YEAR-OLD LODGEPOLE PINE ON A DRY SITE.
S o u rce: S m ith e r s , 196I .
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PLATE 5
FORTY INCHES OF LEADER GROWTH IN A 
YOUNG LODGEPOLE PINE
V. SILVICULTURAL METHODS
Lodgepole pine stands are unique in their exhibition of both 
the serotinous and non-serotinous cone habits. Lotan, 1967, said that 
stands which contain both habits provide flexib ility  to the forester in
the selection  of cutting methods. Seed contained in serotinous cones
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a llow s c le a r c u t t in g  in  l a r g e  b lo c k s ,  b e c a u s e  c lo se d  co n es  r e a d i ly  open 
if logging  s l a s h  is  han d led  c a re fu l ly .  N o n -s e ro t in o u s  cones  p ro v id e  
s e e d  f r o m  s ta n d in g  t im b e r ,  s o  th a t  m e th o d s  su c h  a s  s t r i p  c le a rc u t t in g  
o r  s h e l te rw o o d  can  b e  u se d . In M ontana, h o w ev e r ,  t h e r e  a r e  two 
f a c to r s  w h ich  ten d  to  e l im in a te  d ependency  on s e e d  co n ta in ed  in  non - 
s e ro t in o u s  c o n e s .
F i r s t ,  s ta n d s  in  th e  in te rm o u n ta in  a r e a  have  a h igh  in c id en c e  
of cone s e ro t in y .  T he annua l s e e d fa l l  f r o m  open cones  is  in su f f ic ie n t  
f o r  r e g e n e r a t io n  p u r p o s e s .  H ow ever, th e r e  is  u su a l ly  p len ty  of s e e d  
s to r e d  in  s e ro t in o u s  cones  f o r  s i lv ic u l tu r a l  s y s t e m s  d es ig n e d  to  ta k e  
ad v a n tag e  of th is  f a c to r .
Secondly , lodgepo le  p ine  s ta n d s  in  M ontana have  a  v e r y  h igh  
in fec tio n  r a t e  f r o m  lo d g ep o le  m is t le to e .  D w arf  m is t le to e  p a r a s i t i z e s  
a l l  s i z e  c l a s s e s  of lo d g ep o le  p ine , bu t i ts  s p r e a d  is m o s t  c r i t i c a l  
d u r in g  th e  p e r io d  of s ta n d  r e g e n e ra t io n  (L e B a r ro n ,  1952). R e g e n e r ­
a t io n  m u s t  b e  i s o la te d  f ro m  s o u r c e s  of in fec tio n  if th e  s ta n d  is  to  be  
a l lo w ed  to  a p p ro a c h  i ts  g ro w th  p o te n t ia l .  T h is  m e a n s  th a t  l a r g e  c l e a r - 
cu ts  sh o u ld  be th e  r u l e  to  r e t a r d  in fec tio n  w ith  m is t le to e .
F o r  p r o p e r  m a n a g e m e n t  of lo dgepo le  p in e  in w e s te r n  M ontana, 
we m u s t  t h e r e f o r e  r e l y  on s i l v ic u l tu r a l  m e th o d s  d es ig n ed  to  ta k e  a d v a n ­
ta g e  of s e e d  s to r e d  in  s e ro t in o u s  co n e s .
One of th e  f i r s t  co n d itio n s  th a t  sh o u ld  be  c o n s id e r e d  by  an y  
s y s t e m  is  e x t r a c t io n  of th e  s e e d  f r o m  th e  s e ro t in o u s  c o n e s .  B r o a d c a s t
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b u rn in g  of s l a s h  (P la te  6, be low ) h as  b e e n  u se d  f re q u e n t ly  in an  a t te m p t  
to  o b ta in  p r o p e r  r e g e n e ra t io n  of lodgepo le  p ine  in  M ontana. S la sh  is  
la id  c lo s e  to  th e  g ro u n d  and  b u rn e d  fo llow ing d ry in g . C ones a r e  opened 
e i th e r  by  s c o rc h in g  by  th e  f i r e  o r  by  e x p o s u re  to  s o l a r  r a d ia t io n  a t  th e  
s o i l  s u r f a c e .  T h is  m e th o d  p ro v id e s  abundan t se e d b e d  fo r  r e g e n e r a t io n  
b u t u n fo r tu n a te ly  th e  t e m p e r a tu r e s  in c u r r e d  d u r in g  s l a s h  b u rn in g  a r e  
often v e r y  ho t, d e s t ro y in g  lodgepo le  se e d  s to r e d  in  th e  s la s h .  In s tu d ie s  
of r e g e n e r a t io n  on b r o a d c a s t  b u rn e d  p lo ts .  L e B a r r o n  (1952) s ta te d  
th a t  th e  c o m p a ra t iv e ly  p o o r  d is t r ib u t io n  of s e e d l in g s  on th e  g round  
fo llow ing  b r o a d c a s t  b u rn in g  r e s u l t s  f r o m  the  b u rn in g  of s e e d  on m o r e
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of th e  g ro u n d  s u r f a c e .  In th e  W hite S u lphur S p rin g s  s tu d y  he found 
se e d b e d s  w h e re  s l a s h  had  b ee n  b u rn e d  to  be  u n d e rs to c k e d .  O v e ra l l  
s ta n d  d e n s i ty  w as  d e te rm in e d  to  b e  725 t r e e s  p e r  a c r e .  T h is  w ould  be  
c o n s id e re d  a m p le  r e g e n e r a t io n  if  th e  t r e e s  w e r e  w e ll  d is t r ib u te d ,  bu t 
m i l l  a c r e  s to c k in g  w as  only  18%. M ill a c r e  s to c k in g  is  p ro b a b ly  a 
m o r e  v a l id  m e a s u r e  th a n  a b s o lu te  n u m b e rs  of s e e d l in g s  p e r  a c r e ,  and 
65-75%  is  abou t o p tim u m . U n fo r tu n a te ly ,  u n d e rs to c k in g  is  th e  u s u a l  
r u le  fo llow ing  b r o a d c a s t  b u rn in g  of s l a s h  on c l e a r c u t s .  If b u rn in g  could  
b e  l im i te d  to  a  s m a l l e r  p a r t  of th e  g round , p e rh a p s  by  b u rn in g  fo llow ing 
r a in  o r  snow , th e  m e th o d  m ig h t g ive b e t t e r  r e s u l t s .  But s l a s h  m a y  not 
be  e f fe c t iv e ly  r e d u c e d  in  th is  m a n n e r  and r e g e n e ra t io n  ca n  be  o v e r ­
abundan t.
O th e r  m e th o d s  of s l a s h  d is p o s a l  have  b e e n  (1) lopping  and 
s c a t t e r in g  an d  (2) d o z e r  p il in g  and  b u rn in g  of s l a s h .  T he f i r s t  m e th o d  
r e d u c e s  s l a s h  h a z a r d  by  d is t r ib u t io n  of f la m m a b le  m a te r i a l s  c lo s e  to  
th e  g ro u n d  s u r f a c e ,  thus  h a s te n in g  d e c o m p o s it io n  and l im i t in g  r a t e  of 
f i r e  s p r e a d .  The l a t t e r  m e th o d  d e s t ro y s  m o s t  of the  s l a s h  th ro u g h  
b u rn in g .  Both m e th o d s  a r e  d e s ig n e d  to  p la c e  s l a s h  co n ta in in g  s e r o t i ­
nous co n es  c lo se  to  th e  g ro u n d . T he co n e s  a r e  th e n  opened by  h ea t  
f r o m  s o l a r  and  t e r r e s t r i a l  r a d ia t io n  (Lotan , 1968). C r o s s l e y  (1956) 
s a id  th a t  th e  f a c to r s  a f fe c t in g  th e  opening  of co n es  a r e  th e  follow ing:
T he  cone  a t ta c h e d  to  s l a s h  on th e  f o r e s t  f lo o r  w il l  a t te m p t  to  
c o m e  to  a  h e a t  b a la n c e  w ith in  i t s  chang ing  e n v iro n m e n t ,  and  th e  
e q u i l ib r iu m  t e m p e r a t u r e  i t  w ill  r e a c h  w ill  depend  upon a n u m b e r
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of f a c t o r s .  T h ey  inc lude:
1. T he  am o u n t of d i r e c t  and  r e f le c te d  s o l a r  and a tm o s p h e r ic  r a d i ­
a t io n  r e c e iv e d ,  w h ich  w ill  in  tu r n  v a r y  d i r e c t ly  w ith  th e  a l t i tu d e ,  
th e  p o s i t io n  of th e  su n  in  r e la t io n  to  i ts  zen ith ,  th e  n a tu re  of th e  
a i r  m a s s  h o v e r in g  o v e r  th e  a r e a ,  and  th e  d e g re e  of c ro w n  
canopy.
2. T he in te n s i ty  of i l lu m in a t io n  p e r  un it a r e a  of cone .
3. T h e  am o u n t of t e r r e s t r i a l  r a d ia t io n  w h ich  w ill  depend  upon th e  
h e ig h t of th e  cone  ab o v e  th e  g ro u n d  and  th e  p ro x im i ty  of 
n e ig h b o r in g  so l id  o b je c ts  su c h  a s  b r a n c h e s  and  fo liag e .
4. T h e  h e a t  lo s t  th ro u g h  lo n g -w av e  r a d ia t io n  f ro m  th e  cone .
5. T h e  h e a t  lo s t  th ro u g h  conduc tion  f ro m  th e  cone to  th e  a i r  e n v e l ­
oping  i t .  T h is  is  a v a r i a b le  s o u r c e  of h e a t  lo s s  s in c e  the  
e x p o s u re  to  v e n t i la t io n  and  th e  g r e a t e r  th e  a i r  m o v e m e n t ,  the  
g r e a t e r  su c h  a  lo s s  w ill  b e .
S la sh  d is p o s a l  b y  lopp ing  and  s c a t t e r i n g  and  p il in g  and b u rn in g  
have  a  d is t in c t  e ffec t on the  s e e d  supp ly  and  th e  s u r v iv a l  of th e  s e e d l in g s .  
L opping  and  s c a t t e r i n g  does  no t p ro v id e  enough m in e r a l  s o i l  fo r  an  a d e ­
qua te  s e e d b e d  and r e g e n e r a t io n  is  low d e s p i te  a n  ad e q u a te  s e e d  su p p ly  
(A c k e rm an , 1962). P i l in g  and  b u rn in g ,  on th e  o th e r  hand , e x p o se s  
abundan t am o u n ts  of m i n e r a l  s e e d b e d  a s  w e ll  a s  p ro v id in g  a d e q u a te  
q u a n t i t ie s  of s e e d  f ro m  co n e s  b o rn e  on s l a s h  s c a t t e r e d  d u r in g  the  
p r o c e s s  of p il in g . U su a l ly  s c a r i f i c a t io n  is  to o  th o ro u g h  and r e g e n e r ­
a t io n  is  to o  d e n s e  (C ro s s le y ,  1956).
A s an  a l t e r n a t iv e  to  th e s e  m e th o d s  f o r e s t e r s  have  b e c o m e  
i n te r e s t e d  in th e  b r u s h  c h o p p e r  a s  a  m e th o d  of s l a s h  d is p o s a l  in  lo d g e ­
p o le  p ine  c l e a r c u t s .
Speed  is  of p r i m a r y  im p o r ta n c e  fo r  m a x im u m  e f f ic ie n c y  and 
p ro d u c t io n  f r o m  th e  b r u s h  c h o p p e r .  W ith i n c r e a s e d  sp e e d  th e  d ru m s  
bo unce  s l ig h t ly ,  t h e r e b y  in c r e a s in g  th e  cu ttin g  a c t io n  of th e  b la d e s
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(A lb er t,  1966; D eC e lle  and W olfe, 1969). F o r e s t  s ta n d s  con ta in ing  a 
m ix tu re  of s i z e  c l a s s e s ,  su c h  a s  a r e  found in  M ontana, r e d u c e  the  
sp e e d  of th e  c h o p p e r  c o n s id e ra b ly ,  th e  o p e r a to r  be ing  fo rc e d  to  c o n ­
s ta n t ly  ad a p t  th e  m o tiv e  p o w e r  of th e  t r a c t o r  to  changing  co n d it io n s .
In s ta n d s  w ith  u n i fo rm  s i z e  c l a s s e s  th e  d r i v e r  is  a b le  to m a in ta in  c o n ­
s ta n t  sp e e d .  T h e r e  is  a  l im i t  to  th e  s i z e  of m a te r i a l  th a t  ca n  be 
hand led  e f fe c t iv e ly .  W hen t r e e  d ia m e t e r s  a p p ro a c h  s ix  in c h e s  th e  
ch o p p e r  is  no t a b le  to  cu t th ro u g h  th e  m a te r i a l .
On th e  C e d a r  C r e e k  r o l l e r  th in n in g  p r o je c t  th e  c h o p p e r  w as 
found f e a s ib le  f o r  an y  s p e c ie s  u n d e r  40 y e a r s  of ag e  ( s iz e  is  im p o r ta n t
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h e r e )  on g ro u n d  up to  30% g ra d e  (D eC elle  and  W olfe, 1969). The 
s l a s h  h a z a r d  w as  of l i t t l e  c o n se q u e n c e  a f t e r  th e  f i r s t  s u m m e r  s e a s o n ,  
a l l  of th e  s l a s h  w as c lo s e  to  th e  g ro u n d  and b ro k e n  f ine . T h e se  r e s u l t s  
m a y  not ho ld  f o r  t r e a tm e n t  of s ta n d s  co n ta in in g  l a r g e r  s i z e s  of m a t e ­
r i a l .
C H A P TE R  III 
STUDY AREA D ESC R IPTIO N
I. AREA D ESC RIPTIO N
T h e  in v e s t ig a t io n  r e p o r te d  h e r e  w as  conduc ted  in  an  a r e a  of 
e x te n s iv e  lodgepo le  p ine  s ta n d s  lo c a te d  on th e  e a s t e r n  fo o th il ls  of th e  
G ra v e l ly  R ange . T h is  a r e a  is  a p p ro x im a te ly  33 m i le s  so u th  of E n n is ,  
M ontana, in  T ow nsh ip  11 South and R ange  1 E a s t ,  P r in c ip le  M e rid ia n ,  
M ontana. Two c l e a r c u t s ,  un it #6 in  s e c t io n s  4, 5, 8, and  9 and  un it #1 
in  s e c t io n  16, w e re  e s ta b l i s h e d  fo r  th is  s tu d y . Unit #6 e n c o m p a s s e s  
about 2 50 a c r e s  w h ile  un it #1 is  a p p ro x im a te ly  175 a c r e s  in  a r e a .
Both  a r e  lo c a te d  on r e la t iv e ly  f la t  b e n c h e s .  The s tu d y  lo c a t io n  is  
show n in  F ig u re  5, p ag e  2 6.
T he  to p o g ra p h y  is  c h a r a c te r i z e d  by  h igh  b lu ffs  of n e a r ly  
1 ,000  f t.  to w e r in g  ab o v e  th e  M ad ison  R iv e r ,  in te r r u p te d  p e r io d ic a l ly  
by  deep  V -sh a p ed  v a l le y s .  R idge  to p s  a r e  ty p ic a l ly  f la t te n e d ,  often 
fo rm in g  e x te n s iv e  b u t te - l ik e  b e n c h e s .  E le v a t io n  ra n g e s  f r o m  6 ,0 0 0  ft. 
a long  th e  t e r r a c e s  of th e  M ad ison  R iv e r  to  7, 000 ft.  on th e  s tu d y  c l e a r ­
c u ts  and  up to  10, 000 f t .  a t  th e  top  of th e  p e a k s  of th e  G ra v e l ly  R ange 
to  th e  w e s t .  S lopes  r a n g e  f ro m  e x t r e m e ly  g e n t le  on th e  b e n c h e s  to  
n e a r l y  v e r t i c a l  on th e  b lu ffs  fa c in g  th e  M ad ison  R iv e r  and  i t s  t r i b u t a r y  
s t r e a m s .
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S o ils  on th e  tw o s tu d y  u n its  a r e  d e r iv e d  f ro m  a  v a r i e ty  of 
p a r e n t  m a t e r i a l s .  T he a r e a  h as  b e e n  su b je c t  to  a v a r i e ty  of geo log ic  
p h e n o m e n a ,  ra n g in g  f r o m  v o lc a n ic  e x t ru s io n ,  to  s e d im e n ta t io n ,  to  
a l lu v ia l  d e p o s i t io n  by  th e  M ad ison  R iv e r .  T he m a in  co m p o s it io n  of th e  
u n d e r ly in g  r o c k  i s  rh y o l i te ,  w ith  o c c a s io n a l  o u tc ro p p in g s  of p u m a c i te .
In th e  w e s t e r n  edges  of b o th  u n its  t h e r e  is  a  l a y e r  of ro unded  q u a r tz i te  
an d  g r a n i te  g r a v e l  th a t  w as  d e p o s i te d  th o u san d s  of y e a r s  ago  w hen th e  
M ad iso n  R iv e r  f low ed a t  th is  e lev a tio n . In g e n e ra l ,  th e  so i l s  a r e  
p o o r ly  d ev e lo p ed . L i t t le  p ro f i le  d ev e lo p m en t is  o b se rv e d  and  t h e r e  is  
a  h igh  o c c u r r e n c e  of r o c k  in  a l l  h o r iz o n s .  M o is tu re  con ten t shou ld  be  
r e l a t iv e ly  h igh , h o w e v e r ,  due to  th e  p r e s e n c e  of s u b s ta n t ia l  am o u n ts  
of s i l t s  and  c la y s  in th e  s o i l  p ro f i le .
T h e  c l im a te  of th is  r e g io n  can  be  c h a r a c te r i z e d  as  cool and 
m o d e ra te ly  m o is t .  P r e c ip i t a t io n  r e c o r d s  kep t a t  Gold B u tte  Saddle , 
w h ich  is  lo c a te d  b e tw e en  th e  two u n its ,  show an  a v e ra g e  an n u a l r a in f a l l  
f o r  th e  p a s t  t h r e e  y e a r s  to  b e  a p p ro x im a te ly  28 in c h e s .  M ost of th is  
p r e c ip i ta t io n  fa l l s  a s  snow . R e c o rd s  f o r  th e  m on ths  of M ay th ro u g h  
O c to b e r  show on ly  10, 72 in c h e s  of r a in  o c c u r r in g  in  th e s e  s ix  c r i t i c a l  
m o n th s  of s e e d l in g  e s ta b l i s h m e n t  ( th ese  d a ta  w e re  co l le c te d  in  p e r s o n a l  
c o r r e s p o n d e n c e  w ith  T e r r y  Jo h n so n , F o r e s t e r ,  M adison  R a n g e r  D is ­
t r i c t ) .
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II. STAND D ESC R IPTIO N  AND HISTORY
U ntil r e c e n t ly  th e  e n t i r e  a r e a  e n c o m p a s s e d  b y  th e  G ra v e l ly  
R ange  and  e a s t  to  th e  M ad iso n  R iv e r  h a s  b ee n  e s s e n t i a l ly  a  d e fac to  
w i ld e r n e s s  a r e a .  T he  a r e a  w as  opened to  logging  only s ix  y e a r s  ago. 
U ntil th en , th e  only u se  w as  f o r  g ra z in g  b y  c a t t le  and e s p e c ia l ly  sh eep , 
w a te r s h e d  p ro te c t io n ,  r e c r e a t io n ,  and l im i te d  lo c a l  t im b e r  c o n s u m p ­
tio n , E x te n s iv e  ro a d  s y s t e m s  have  now b ee n  deve loped  in  th e  a r e a  
bounded  by  S ta n d a rd  C r e e k  on th e  n o r th ,  th e  W est F o r k  of th e  M adison  
on th e  so u th , and  th e  G ra v e l ly  R ange  on th e  w e s t .
P L A T E  8
t o p o g r a p h y  b e s t  s u i t e d  t o  l o d g e p o l e  P IN E
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P u r e  s ta n d s  of lodgepo le  p ine  type  d o m in a te  th e  t im b e r  found 
in  th is  re g io n .  T he b e s t  s ta n d s  a r e  found on b e n c h e s ,  in b a s in s ,  and 
on g en t le  to  m o d e ra te  n o r th  and  e a s t  fac in g  s lo p e s  ( see  P la te  8, page  
28). D o u g la s - f i r  i n c r e a s e s  in  im p o r ta n c e  and  o ld -g ro w th  s ta n d s  can  be 
found on d r y  so u th  and  w e s t  fac in g  s lo p e s .  O ld -g ro w th  s ta n d s  of E n g le - 
m a n  s p r u c e  and  su b a lp in e  f i r  a r e  found in s h e l t e r e d  s t r e a m  b o tto m s . 
Young s p r u c e  and  f i r  c a n  a l s o  be  found s c a t t e r e d  in th e  sub  canopy of 
lo d g ep o le  p in e  s ta n d s  on b e n c h e s  and  n o r th  fac in g  s lo p e s .  F i r e  h a s  an  
im p o r ta n t  in f lu en c e  on th e s e  s ta n d  c o m p o s i t io n s .  A p p ro x im a te ly  90- 
100 y e a r s  ago  e x te n s iv e  f i r e s  d e s t ro y e d  m u ch  of th e  t im b e r  ex cep t fo r  
s o m e  of th e  old f i r e  r e s i s t a n t  D o u g la s - f i r  s ta n d s  and  so m e  of th e  s p r u c e  
and  f i r  s ta n d s  lo c a te d  in th e  m o r e  p ro te c te d  c r e e k  b o t to m s .  Seed  c o n ­
ta in e d  in  s e ro t in o u s  cones  p e r m i t t e d  abundan t r e g e n e ra t io n  of lo d g e ­
p o le  p ine  a t th e  e x p e n se  of o th e r  f i r e  in to le ra n t  s p e c ie s .  T h e se  lo d g e ­
p o le  s ta n d s  a r e  now a p p ro a c h in g  m a tu r i ty  and a r e  beg inn ing  to  b r e a k  
up. S c a t te r e d  s p r u c e  and  f i r  a r e  found th roughou t and  in  a few m o re  
c e n tu r i e s ,  b a r r i n g  n a tu r a l  o r  a r t i f i c i a l  d i s a s t e r ,  m a y  develop  in to  th e  
c l im a x  s p r u c e  and  f i r  f o r e s t  f o r  the  re g io n .
III. HABITAT T Y PE S
A p o r t io n  of th e  s tu d y  w as  c o n c e rn e d  w ith  th e  d ev e lo p m e n t of 
an  a d a p ta t io n  of D a u b e n m ir e 's  h a b i ta t  ty p e  c la s s i f ic a t io n  (D au b en m ire ,  
1968) to  th e  s tu d y  a r e a .  O v e r s to r y  and  u n d e r s to r y  c o m p o s i t io n  of
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e s ta b l i s h e d  p lo ts  w e r e  u se d  to  develop  a  h a b i ta t  ty p e  a s s o c ia t io n  ta b le  
f o r  th e  a r e a  ( se e  T ab le  1, p ag e  31). F r o m  th is  ta b le  th e  p r e s e n c e  of 
one c l a s s i c  and  th r e e  v a r ia t io n s  of D a u b e n m ir e 's  h ab i ta t  ty p e s  (h. t .  s ) ,  
a s  d e v e lo p ed  f o r  n o r th e r n  Idaho, w e r e  d e te rm in e d  (see  P la te s  9, 10,
11, and  12, p ag e s  32 and  33). T he P se u d o ts u g a  m e n z i e s i i - S y m p h o r i- 
c a rp o s  a lb  us h. t. fo llow ed th e  d e f in it io n  c lo s e ly  (D au b en m ire ,  1968).
It is  found on s te e p  d ry  s lo p e s  of s o u th e a s t  to  so u th w e s t  e x p o s u re .  The 
P s e u d o ts u g a  m e n z i e s i i - and  A b ies  l a s i o c a r p a - P a c h i s t im a  m y r s e n i te s  
" s o u th e r n  p h a s e "  h. t . s  w e r e  n a m ed  f o r  la c k  of a  b e t t e r  def in it ion .
T h e y  bo th  have  s i m i l a r  u n d e r s to r i e s  and a p p e a ra n c e s  to  th e  c l a s s i c a l  
P a c h i s t im a  unions ex c e p t  f o r  th e  la c k  of "k ey "  s p e c ie s ;  C lin to n ia  u n i - 
f l o r a  and  G a liu m  t r i f l o r u m  have  r a n g e s  th a t  do not ex tend  th is  f a r  
e a s t  and  so u th . P a c h i s t im a  m y r s e n i t e s  is  p r e s e n t ,  h o w ev e r ,  and  is  
u s e d  in  th is  c a s e  to  s e p a r a t e  th e s e  h. t .  s .  U ntil a  b e t t e r  n a m e  can  be  
found  to  put on th e m  th e s e  tw o h. t .  s w ill  b e  r e f e r r e d  to  as  th e  " s o u th e rn  
p h a s e "  of th e  P a c h i s t im a  union. The P s e u d o ts u g a  m e n z ie s i i -  P a c h i s ­
t im a  m y r s e n i t e s  " s o u th e rn  p h a s e "  h . t ,  is  found on m o d e r a te  e a s t  and 
n o r th e a s t  e x p o s u re s  and  m a y  b e  found on g e n t le r  s o u th e r ly  s lo p e s .  The 
A b ies  l a s io c a r p a  v e r s io n  is  found on g e n t le  to  s te e p  n o r th  s lo p e s .  T he 
A b ies  l a s i o c a r p a - V ac c in iu m  s c o p a r iu m  " C a la m a g r  o s t is  ru b e s  cens  
p h a s e "  h. t .  is  found on g e n t le  s lo p e s  of a l l  a s p e c t s .  It d i f fe r s  f r o m  
th e  c l a s s i c a l  A b ies  l a s i o c a r p a - V acc in iu m  s c o p a r iu m  h. t ,  (D auben­
m i r e ,  1968) in  th e  l a r g e  a m o u n ts  of C a la m a g r o s t i s  ru b e s  cens  co n ta in ed  
in  th e  h. t .  found in  th is  r e g io n .
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P L A T E  9. PSEUDOTSUGA M EN ZIESII- SYM PHORICARPOS ALBUS H.T,
m
P L A T E  10. PSEU D OTSUG A  M E N Z IE S II- PACHISTIM A M YRSENITES 
"SOU TH ERN  P H A S E " H. T .
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P L A T E  11. ABIES LA SIO CA RPA - PACHISTIM A M YRSENITES 
"SOUTHERN PH A SE " H. T.
P L A T E  12. ABIES LA SIO C A R PA - VACCINIUM SCOPARIUM  
"CALAM AGROSTIS RUBESCENS PH A SE" H. T.
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T he tw o c l e a r c u t s  w hich  c o m p r is e  th is  s tu d y  a r e  c o m p o se d  
p r i m a r i l y  of th e  A b ie s  l a s i o c a r p a - V acc in iu m  s c o p a r iu m  " C a la m a ­
g r o s t i s  ru b  e s  c e n s  p h a s e "  h . t .  Unit #1 v a r i e s  In th e  p r e s e n c e  of a  
s m a l l  a r e a  of th e  P s e u d o ts u g a  m e n z i e s i i - S y m p h o r lc a rp o s  a lb  us h. t .  
on a  d r y  s te e p  s o u th e a s t  s lo p e  on th e  w e s t e r n  edge of th e  c l e a r c u t .  T h is ,  
h o w e v e r ,  w as  no t c o n ta in e d  In th e  p o r t io n  of the  c l e a r c u t  th a t  w as  
s tu d ie d .  Unit #6 a l s o  h as  an  a r e a  of th is  h . t .  on th e  knob on I ts  w e s t ­
e r n  edge . S e v e r a l  of th e  s tu d y  p lo ts  on th i s  c l e a r c u t  do fa l l  w ith in  th is  
h . t .  T he  A b ies  l a s i o c a r p a - P a c h i s t im a  m y r s e n i t e s  " s o u th e rn  p h a s e "  
h . t .  o c c u r s  on g en t le  n o r th  and  n o r th e a s t  s lo p e s  a long  th e  n o r th e r n  and 
e a s t e r n  ed g es  of un it #6.
IV. SEL E C T IO N  O F  STUDY A REA
T h e  on ly  b r u s h  c h o p p e r  w o rk in g  In R eg ion  1 In 1966 w as on 
th e  M ad iso n  R a n g e r  D is t r i c t .  R e s u l ts  looked  p ro m is in g ,  bu t s o m e  
q u e s t io n s  r e m a in e d  u n a n s w e re d  a s  to  th e  e f fe c t iv e n e s s  of th e  c h o p p e r .  
O ne q u e s t io n  w as  how m u c h  r e g e n e r a t io n  can  be ex p ec ted  on a r e a s  
t r e a t e d  w ith  th e  b r u s h  c h o p p e r .  T he  F o r e s t  S e rv ic e ,  c o o p e ra t in g  w ith  
th e  M ontana  F o r e s t  and  C o n s e rv a t io n  R e s e a r c h  S tation , d ec id ed  on th is  
s tu d y  f o r  a n s w e r in g  s o m e  of th e s e  q u e s t io n s .  S ince  th e  M ad iso n  D i s ­
t r i c t  h ad  th e  m o s t  e x p e r ie n c e  In th e  R eg ion  w ith  th e  c h o p p e r ,  th e y  w e r e  
a s k e d  If a n y  a r e a s  w e r e  a v a i la b le  f o r  th e  s tu d y . D i s t r i c t  p e r s o n n e l  
p o in ted  ou t a r e a s  th a t  h ad  b e e n  t r e a t e d  w ith  th e  c h o p p e r  In 1966 and
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1967 and  th e  a r e a s  th a t  could  b e  s e t  up in 1968. T he on ly  a r e a s  a v a i l ­
a b le  f o r  t r e a tm e n t  in 1968 w e r e  b lo c k s  1 th ro u g h  6 on th e  G a z e l le - 
S ta n d a rd  C re e k  t im b e r  s a le .  B lo ck s  1 and  6 w e re  s e le c te d  b e c a u s e  of 
s i m i l a r i t i e s  in to p o g ra p h y  and b e c a u s e  th e y  cou ld  e a s i ly  be  d iv ided  in  
h a lf  s o  c o m p a r i s o n s  b e tw e e n  s l a s h  p iling  and b u rn in g  and s l a s h  chopping  
cou ld  b e  m e a s u r e d .  B lo ck  1 w as  d e s i r a b le  in  th a t  i t  w as  v is ib le  f ro m  
th e  ro a d  and  s e r v e d  a s  a  good d e m o n s t r a t io n  a r e a .
C H A P T E R  IV
E X P E R IM E N T A L  DESIGN
Two u n its  of 175 and  250 a c r e s  w e r e  s e le c te d  f o r  th is  s tudy . 
E a c h  un it w as  logged  in  1967 and s i t e  p r e p a r a t io n  te ch n iq u e s  w e re  
a p p l ie d  in  1968 (see  T ab le  2). E ac h  unit w as d iv ided  in  h a lf  a c c o rd in g
T A B LE 2
UNIT LOGGING AND T R E A T M E N T DATES
T r e a tm e n t Logging D ate T re a tm e n t  D ate
#1 P&B Ja n .  & F eb . , 1967 p i le d - - J u ly ,  1968 
b u r n e d - - O c t . , 1968
#6 P& B Ju n e  & Ju ly , 1967 p i le d - -A u g .  , 1968 
b u r n e d - - O c t . , 1968
#1 MBC J a n .  & F e b . , 1967 c h o p p e d --S e p t .  , 1968
#6 MBC Ju n e  & Ju ly , 1967 c h o p p e d --S e p t .  , 1968
to  to p o g rap h y , an N 66 E l in e  be in g  p la c e d  a long  th e  r id g e  lo c a te d  in 
e a c h  c le a r c u t .  In th e  s o u th e rn  h a lf  of ea ch  c l e a r c u t  th e  s l a s h  w as 
d o z e r  p i le d  and  in  th e  n o r th e r n  h a lf  th e  s l a s h  w as t r e a t e d  w ith  the  
H a r d e n  B r u s h  C u t te r  (see  P l a t e s  13 and  14, p ag e s  37 and 38). T h e r e ­
f o re ,  t h e r e  a r e  tw o  r e p l i c a t e s  of e a c h  t r e a tm e n t ,  one r e p l ic a te  lo c a te d  
on ea c h  c l e a r c u t .  T he  c o m p a r i s o n  b e tw een  th e  tw o s i t e  p r e p a r a t io n
PLA TE 13
PANORAMIC VIEW OF UNIT #1
The sou thern  half has been  t re a te d  with piling and 
burning . The n o r th e rn  half has been t re a te d  with the M arden 
B ru sh  C u tte r .  (South is  on the r igh t s ide  of the p ic tu re .  ) 00-J
PLA TE 14
PANORAMIC VIEW OF UNIT #6
The sou the rn  half has been t re a te d  by piling and 
burn ing  and the n o r th e rn  half with the M arden B ru sh  C utter . 
(South is loca ted  on the r igh t s ide  of the p ic tu re . )
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te c h n iq u e s  invo lved  o b s e rv a t io n s  th a t  w e r e  in d i r e c t  m e a s u r e m e n ts  of 
v a r i a b l e s  w hich  in c lu d e  c o m p e ti t iv e  v eg e ta t io n , s i t e  p r e p a r a t io n ,  and 
lo d g e p o le  p ine  r e g e n e ra t io n .  D a ta  w e re  c o l le c te d  s o  th a t  s t a t i s t i c a l  
c o m p a r i s o n s  could  b e  m a d e  b e tw e en  t r e a tm e n t s ,  w ith in  t r e a tm e n t s ,  
and  b e tw e e n  p lo ts  w ith in  t r e a tm e n t s .
I. P L O T  LOCATION
P lo ts  w e r e  e s ta b l i s h e d  in  1967 by L ee  F . W erth ,  a  g ra d u a te  
s tu d e n t  in F o r e s t r y ,  U n iv e r s i ty  of M ontana. F if ty  p lo ts  w e r e  lo c a te d  
on e a c h  of th e  tw o r e p l i c a t e s  p e r  t r e a tm e n t ,  g iving tw o h u n d red  p lo ts  
to ta l  f o r  th e  s tu d y . P lo t  s e le c t io n s  w e r e  ra n d o m  along  p r e s e le c te d  
p lo t  l in e s ,  w h ich  r a n  p a r a l l e l  to  the  div id ing  l in e  of e a ch  unit. Unit #1 
P&B and  MBC t r e a tm e n t s  e a c h  had  tw o l in e s  of p lo ts  w h ile  unit #6 
t r e a tm e n t s  had on ly  one p lo t  l in e  each . It w as  b e l ie v e d  th a t  th e  r a t h e r  
hom o g en o u s  n a tu re  of th e  to p o g rap h y  on unit #8 in c o m p a r is o n  w ith  
un it #1 a llo w ed  fo r  e s ta b l i s h m e n t  of l e s s  s a m p le  l in e s  on unit #6.
D u rin g  th e  b u rn in g  p h a s e  of th e  p i le  and b u rn  t r e a tm e n t  of 
u n it  #1 th e  f i r e  s p r e a d  in to  th e  b r u s h  c h o p p e r  s id e  of the  c le a r c u t ,  
d e s t ro y in g  so m e  of th e  p lo ts  on th is  t r e a tm e n t .  It w as t h e r e f o r e  n e c e s ­
s a r y  to  e s ta b l i s h  new p lo ts  on th e  MBC t r e a tm e n t .  T h is  w as  a c c o m ­
p l is h e d  b y  o f fse t t in g  p a r t  of th e  s e c o n d  l in e  200 fe e t  n o r th w a rd  and 
e s ta b l i s h in g  th e  r e q u i r e d  n u m b e r  of a d d it io n a l p lo ts  a long  th is  new 
l in e .
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Two l in e s  on un it #6 P&B w e r e  not of su f f ic ie n t  len g th  f o r  the  
e s ta b l i s h m e n t  of 50 p lo ts .  Six p lo ts  w e re  e s ta b l i s h e d  on a  th i rd  l in e  to  
m e e t  th e  r e q u i r e d  to ta l  n u m b e r  of p lo ts ,
II, W EATHER
A h y d ro th e rm o g ra p h  and r a in  gauge w e r e  lo c a te d  in th e  c e n te r  
of e a c h  c l e a r c u t  in  th e  s u m m e r  of 1969. T h e s e  d a ta  w e r e  he lp fu l in  
e s ta b l i s h in g  c l im a t ic  s i m i l a r i t y  b e tw e en  th e  two u n its  a s  w e ll  a s  in  
r e la t in g  in fo rm a t io n  ga ined  on th is  s tu d y  to  o th e r  a r e a s .  T h ey  w e r e  
a l s o  he lp fu l in  p re d ic t in g  a b n o rm a l  s u m m e r  w e a th e r  in c o m p a r is o n  
w ith  a v e ra g e  an n u a l m e a s u r e m e n ts .
III. SITE PR E PA R A T IO N  AND 
C O M P E T IT IV E  VEGETATION
F if ty ,  s q u a re ,  m i l l  a c r e  p lo ts  w e r e  u se d  to  m e a s u r e  s i t e  
p r e p a r a t io n  and c o m p e ti t iv e  v e g e ta t io n  on ea ch  t r e a tm e n t  r e p l ic a te  
(p la te  15). T he f r a m e  w as  co m p o se d  of a n  a lu m in u m  tube  g r id  s y s t e m  
c o n s is t in g  of te n  v e r t i c a l  and  te n  h o r iz o n ta l  w i r e s ,  fo rm in g  100 po in t 
i n t e r c e p t s .  T h e  f r a m e  w as  su sp e n d e d  above th e  p lo t  and  a  w i r e  p ro b e  
w a s  d ro p p e d  a long  e a c h  of th e  100 in t e r c e p t s .  T he su m  of th e  h i ts  on 
a p la n t  o r  o th e r  v a r i a b l e  r e p r e s e n te d  th e  p e r c e n t  c o v e r  f o r  th e  p a r t i c ­
u l a r  p lo t .  F ie ld  w o rk  s h e e t s  w e r e  d e s ig n e d  to  co n ta in  in fo rm a t io n  fo r  
h i ts  on m i n e r a l  so i l ,  m u lc h ,  ro c k ,  duff, s la s h ,  and  e a c h  of th e  p la n t
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P L A T E  15
SQUARE M ILL A CRE FRA M E
s p e c ie s  o c c u r r in g  on a  p lo t.  To  obta in  an  a c c u r a te  p ic tu r e  of s i t e  
p r e p a r a t io n ,  s e c o n d a r y  h i ts  w e r e  r e c o r d e d  w hen  th e  p ro b e  r e c o r d e d  
a p r i m a r y  h i t  on v e g e ta t io n .  A p r i m a r y  h it  r e p r e s e n t s  th e  f i r s t  o b jec t 
s t r u c k  in  th e  d ro p  of th e  p ro b e .  If th is  p r i m a r y  h it  w as  on a  p la n t,  
th e n  th e  se co n d  o b je c t  s t r u c k  a f t e r  th e  p ro b e  p a s s e s  th ro u g h  th e  v e g e ­
ta t io n  w as  c a l le d  a  s e c o n d a r y  h it .  T h is  a l lo w ed  c a lc u la t io n  of s i te  
p r e p a r a t io n  on a  100% c o v e r  b a s i s ,  w h ile  g iv ing  a s e p a r a t e  i n t e r p r e ­
ta t io n  of v e g e ta t io n a l  c o v e r .
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IV. SEEDLING R EG EN ERA TIO N  AND M ORTALITY
C i r c u l a r  m i l l  a c r e  p lo ts  w e re  u se d  to  m e a s u r e  s e e d l in g  r e g e n ­
e r a t io n  and  m o r ta l i ty  (P la te  16, below ). T h e se  p lo ts  w e r e  lo c a te d  on 
th e  s a m e  p o in ts  u se d  f o r  s q u a re ,  m i l l  a c r e  p lo ts .  Seed ling  s p e c ie s  
and  n u m b e rs  w e r e  r e c o r d e d  to  g ive  s ta n d  d e n s i t ie s .  F re q u e n c ie s  a r e  
a l s o  im p o r ta n t  to  e s t im a te  s e e d l in g  d is t r ib u t io n .  D is tr ib u t io n ,  a s  e x ­
p r e s s e d  by  se e d l in g  f re q u e n c y ,  is  p ro b a b ly  a  m o r e  c r i t i c a l  m e a s u r e  of 
s i t e  p r e p a r a t io n  th a n  a b so lu te  n u m b e rs  of s e e d l in g s  p e r  a c r e .  D ata  
s h e e t s  w e r e  d e s ig n e d  s o  th a t  s e e d l in g s  could be r e c o r d e d  a s  to  th e  type
P L A T E  16
CIRCULAR M IL L  A CR E FR A M E
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of s t r a t a  th e y  e m e r g e d  f ro m  (m in e ra l  so i l ,  duff, e tc .  ). An a t te m p t 
w as  a l s o  m a d e  to  c o r r e l a t e  s e e d l in g  m o r ta l i ty  w ith  p o s s ib le  c a u s a l  
f a c t o r s .  An e igh t in ch  r in g  w as  p la c e d  about ea c h  dead  o r  dying s e e d ­
lin g . C o m p etin g  v eg e ta t io n ,  type  of s t r a t a ,  o r  an y  o th e r  f a c to r  o c c u r ­
r in g  w ith in  th is  c i r c l e  of in f lu en ce  w h ich  m a y  have  so m e  b e a r in g  on th e  
c a u s e  of d e a th  w as  r e c o rd e d .
V. STU M P SURVEY
U n fo r tu n a te ly ,  th is  s tu d y  w as in i t ia ted  a f t e r  c o m p le t io n  of 
logg ing  and  s i t e  p r e p a r a t io n  t r e a tm e n t s  on th e  tw o c l e a r  cut u n its .  
T h e r e f o r e ,  in fo rm a t io n  on s ta n d  co m p o s it io n , d en s i ty ,  and s to c k in g  
and  th e  in c id e n c e  of cone s e ro t in y  w e r e  lack in g . To c o m p e n sa te  fo r  
th is  e r r o r ,  a  s u r v e y  of th e  r e s id u a l  s tu m p s  of c o m m e r c ia l  t im b e r  on 
e a c h  c l e a r  cut w as  conduc ted . T h e se  d a ta  w e r e  in tended  to  g ive an  
a p p ro x im a te  r e c o n s t r u c t io n  of th e  o r ig in a l  s ta n d  c o m p o s it io n s .  A 
40 f t.  d i a m e te r  p lo t w as  u se d  to  m e a s u r e  th e  b a s a l  a r e a  of a l l  s tu m p s  
e ig h t in c h e s  o r  g r e a t e r  in  d ia m e te r .  The m id p o in ts  f o r  ea ch  of th e s e  
p lo ts  w e r e  th e  s a m e  a s  th o se  u se d  f o r  th e  d e te rm in a t io n  of s i t e  p r e p ­
a r a t io n .  U n fo r tu n a te ly ,  i t  w as  im p o s s ib le  to  ga in  any  e s t im a te  of the  
c o m p o s i t io n  of u n m e rc h a n ta b le  t im b e r  due to  d e s t ru c t io n  of s m a l l  s t e m s  
d u r in g  s l a s h  t r e a tm e n t s .
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VI. HABITAT T Y P E  SURVEY 
S ix teen  fo r ty - fo o t  d ia m e te r  p lo ts  w e r e  e s ta b l i s h e d  w ith in  
s ta n d in g  t im b e r  abou t th e  p e r i m e t e r  of ea ch  un it fo r  th e  p u rp o s e  of a 
h a b i ta t  ty p e  s u rv e y .  In fo rm a t io n  c o l le c te d  on e a ch  p lo t in c lu d ed  m e a s ­
u r e m e n ts  of s ta n d  c o m p o s it io n ,  e lev a tio n , s lo p e ,  a s p e c t ,  and  n u m b e rs  
and  s p e c ie s  of r e g e n e ra t io n .  A lso  w ith in  e a c h  p lo t t h r e e  t r e e s ,  one 
e a c h  of d o m in an t,  in te rm e d ia te ,  and s u p p r e s s e d  c ro w n  p o s i t io n , w e re  
d e s t r u c t iv e ly  s a m p le d  to  d e te rm in e  age , he igh t, c ro w n  leng th , and 
n u m b e rs  of s e e d  c o n ta in e d  in s e ro t in o u s  co n es .  D avid  Jo h n s to n , 
w o rk in g  u n d e r  a  N a tio n a l S c ien ce  F oundation  U n d e rg ra d u a te  R e s e a rc h  
G ra n t ,  u se d  th is  in fo rm a t io n  to  deve lop  a  l in e a r  r e g r e s s i o n  equa tion  
f o r  p re d ic t in g  th e  n u m b e r  of s e e d  co n ta in ed  in  s e ro t in o u s  co n e s .  He 
d ec id ed  th a t  t r e e  d ia m e te r  is  the  b e s t  in d ic a to r  of the  n u m b e r  of se e d  
p e r  t r e e .  T he f o r m u la  he  deve loped  is  Y = (33X-147. 7)^, w h e re  Y is  
eq u a l to  th e  s q u a r e  ro o t  of th e  n u m b e r  of s e e d  and X is  th e  t r e e  d i a m ­
e t e r .  Y m u s t  b e  m u lt ip l ie d  b y  0. 49, h o w ev e r ,  s in c e  a  m is ta k e  w as  
m a d e  in  inc lud ing  bo th  s e ro t in o u s  and  n o n se ro t in o u s  co n e s  in  th e  f o r ­
m u la  p re d ic t io n .  T he o v e r a l l  in c id e n c e  of cone s e ro t in y  w as  49%.
T h is  f o rm u la  h a s  b ee n  u se d  in  th is  s tu d y  to  e s t im a te  th e  n u m b e r  of 
s e e d  p e r  a c r e  on e a c h  of th e  h a b i ta t  type  p lo ts  a s  w e ll  a s  f o r  an  e s t i ­
m a te  of s e e d  c o n ta in e d  on m e rc h a n ta b le  t im b e r  w ith in  th e  c l e a r c u t s .
O v e r s to r y  and  u n d e r s to r y  s ta n d  c o m p o s it io n s  of e ach  p lo t 
w e r e  u se d  to  dev e lo p  a  h a b i ta t  ty p e  a s s o c ia t io n  ta b le  fo r  th e  s tu d y
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a r e a  (T ab le  1). T h is  in fo rm a t io n  w as  u se d  in  th e  s tu d y  a r e a  d e s c r i p ­
t io n  c h a p te r  of th is  th e s i s  (pages 29-34).
VII. ANALYSIS O F  DATA
C o m p a r is o n  of t r e a tm e n t s  d a ta  w e r e  an a ly z e d  u s in g  th e  two 
s a m p le  t  t e s t .  M a jo r  v a r ia b le s  a r e  s e e d lin g  d e n s i t ie s ,  m in e r a l  so i l ,  
duff, s l a s h ,  and  v e g e ta t io n .
C H A PT E R  V 
RESU LTS
I. W EATHER
W e a th e r  d a ta ,  inc lud ing  r a in fa l l ,  t e m p e r a tu r e ,  and h u m id ity , 
w e r e  r e c o r d e d  d u r in g  th e  p e r io d  Ju n e  30 to  A ugust 18, 1969 (T ab le  3). 
T o ta l  r a in  and t e m p e r a tu r e s  b e tw een  th e  two un its  show ed no s ig n i f i ­
c a n t  d i f f e r e n c e s .  T h e r e  w e r e  d i f fe re n c e s  in r e la t iv e  h u m id ity , how ­
e v e r .  T h is  w as  c a u s e d  by  im p r o p e r  c a l ib ra t io n  of one of th e  h y d r o - 
th e r m o g r a p h s ,  th e  d i f fe re n c e  be in g  a p p ro x im a te ly  6%. D ata  w e r e  not 
r e c o r d e d  in  1970. S im i la r i ty  in w e a th e r  p a t te r n s  b e tw een  th e  tw o 
u n its  b e in g  e s ta b l i s h e d .
TA B L E  3
W EA TH ER STATION DATA: 6 /3 0  - 8 /1 8 , 1969
Unit R a in
T o ta l
M ean
M ax im u m
T em p .
M ean
M in im um
T em p.
M ean
M ax im um
H um idity*
M ean
M in im um
H um idity*
#1 3 .0 4 " 7 3 .2 ° C 46. 2̂ C 71. 8% 28. 5%
#6 3. 10" 74. 1°C 46. 1°C 77. 2% 33. 1%
T h e r e  is  a  d i f f e re n c e  in c a l ib r a t io n  b e tw e en  th e  two h y d r o - 
th e rm o g r a p h s  of a p p ro x im a te ly  6%.
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T a b le  4 sh o w s the  m o n th ly  p r e c ip i ta t io n  a t  th e  F o r e s t  S e rv ic e  
W e a th e r  S ta tion  in  E n n is ,  M ontana, f o r  th e  m o n th s  M ay th ro u g h  O c to b e r  
f o r  th e  p a s t  t h r e e  y e a r s .  The y e a r  1969 w as r e la t iv e ly  w et in c o m p a r i ­
so n  to  th e  o th e r  y e a r s ,  12, 18 in c h es  fa l l in g  f o r  th e  s ix  m on ths  in  c o m ­
p a r i s o n  to  an  a v e ra g e  of 10. 72 in c h e s .  Of s p e c ia l  im p o r ta n c e  is  the  
am o u n t f a l l in g  d u r in g  th e  t h r e e  c r i t i c a l  d ro u g h t m o n th s  of Ju n e ,  Ju ly ,  
and  A ugust. A to ta l  of 7. 95 in c h es  of r a in  fe l l  f o r  th e s e  th r e e  m o n th s  
in 1969, w h ile  th e  t h r e e  y e a r  a v e ra g e  is  only  4. 91. T h is  o b s e rv a t io n  
c o r r e l a t e s  w ith  th e  low am o u n ts  of d ro u g h t m o r ta l i ty  fo r  the  s u m m e r  
of 1969, a s  w ill  be  show n l a t e r .  T he am o u n t of r a in  fo r  1970 d o es  not 
d i f fe r  f r o m  th e  th r e e  y e a r  a v e ra g e .  H ow ever, th e  r a in f a l l  f o r  A ugust
TA B L E  4
INCHES O F  P R E C IP IT A T IO N  A T F O R E ST  
SERV ICE W EA TH ER STATION, 
ENNIS, MONTANA
1970 1969 1968 A v e ra g e
M ay 2 .0 8 1 .21 2. 99 2. 09
Ju n e 1. 43 3. 71 2. 49 2. 53
J u ly 2. 89 1 .2 6 0. 35 1. 50
A ugust 0. 53 2. 68 2. 42 1. 88
S e p te m b e r 1. 60 1. 50 1. 51 1. 54
O c to b e r 0. 93 1. 82 0. 78 1. 18
T O T A L 9 .4 6 12. 18 10. 51 10. 72
S ource : T e r r y  Jo h n so n , M a d iso n  R a n g e r  D is t r i c t .
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w as  v e r y  low , only  0. 53 in c h es  fa llin g  v s .  th e  1. 88 t h r e e  y e a r  a v e ra g e .  
T h is  d ry  m on th  m a y  have  b e e n  s e v e r e  enough to  c r e a t e  l a r g e  am o u n ts  
of d ro u g h t  m o r ta l i ty  d u r in g  th a t  m onth .
II. SITE P R E PA R A T IO N  AND 
C O M P E T IT IV E  VEGETATION 
P i l e  and  B u rn  T r e a tm e n ts
T he  n u m b e rs  and  f re q u e n c ie s  of s e e d l in g s  on each  of th e  P&B 
t r e a tm e n t s  (T ab le  10, p ag e  57) le a d s  one to  expec t d i f fe re n c e s  In th e  
d a ta  on s i t e  p r e p a r a t io n  (T ab le  5, p age  49). U nfo r tu n a te ly , th is  Is not 
th e  c a s e ,  a t  l e a s t  not a t  f i r s t  g la n ce . T he  am oun t of m in e r a l  s o i l ,  
u s u a l ly  th e  b e s t  In d ic a to r  of s i t e  d is tu rb a n c e .  Is a lm o s t  the  s a m e  fo r  
th e  tw o u n i ts .  O b s e rv a t io n s  In th e  f ie ld  In d ica ted  th a t  un it #1 P&B 
w a s  m o r e  d is tu rb e d  th a n  un it #6 P&B and th e  d a ta  w as ex p e c te d  to  
s u p p o r t  th e s e  o b s e rv a t io n s .  The d a ta  does  In d ica te  th e  ex p e c te d  d i f f e r ­
e n c e s  If ro c k  and  m u lc h  a r e  c o n s id e re d .  S e v e ra l  In v e s t ig a to r s  w e r e  
em p lo y ed  to  c o l le c t  s i t e  p r e p a r a t io n  d a ta  and  It w as  d is c o v e re d  th a t  
c o n s id e r a b le  v a r ia t io n  o c c u r r e d  In each  Individual's  I n te r p re ta t io n  of 
m u lc h .  It w ould b e  b e t t e r  to  e l im in a te  th is  b ia s  by  c la s s i fy in g  m u lc h  
and  ro c k  a s  m in e r a l  so i l .  T he  s u m  of ro c k ,  m u lc h , and m in e r a l  s o i l  
f o r  un it #1 P& B Is  40. 08% w hile  th e  s u m  fo r  un it #6 P&B Is 33. 80% 
(T a b le  6, p ag e  50). T h is  In d ic a te s  th e  s o i l  of un it #1 P&B Is m o r e  
d is tu rb e d ,  bu t t h e r e  ca n  b e  show n no s ig n i f ic a n t  d i f fe re n c e  in  m i n e r a l
TABLE 5
SITE PREPARATION & COMPETING VEGETATION 
(PRIMARY & SECONDARY SITE HITS COMBINED) 
MEANS & STANDARD DEVIATIONS 
DATA IS ON A PERCENT BASIS
SITE PREPARATION COMPETINGVEGETA­
TIONMINERALSOIL MULCH ROCK DUPP SLASH TOTAL SITE HITS
UNIT #1 
P&B
X 2 6 . 6 6 6 . 9 0 6.48 3 5 . 7 2 2 3 . 7 6 7 3 . 7 0 2 6 . 3 6
2d 2 3 . 9 4 4 . 9 2 9 . 7 4 2 2 . 3 9 14.69 1 9 . 3 6 1 9 . 1 5
UNIT #6 
P&B
X 2 6 . 3 6 3 . 3 4 3 . 0 8 39.46 2 6 . 3 6 6 1 . 3 6 3 8 . 7 8
2d 26.80 7 . 6 7 4 . 2 3 20.12 18.70 21.20 2 0 . 5 0
UNIT #1 
MBC
X 9 . 2 2 0 . 7 6 1 . 3 4 35.08 5 3 . 0 0 6 6 . 9 4 31.84
25 18.89 2 . 2 5 3 . 5 1 18. 5 2 2 2 . 2 5 18.01 1 8 . 6 3
UNIT #6 
MBC
X 1 3 . 8 2 5 . 0 8 0 . 7 6 3 2 . 2 2 4 7 . 9 4 64.98 34,78
SD 1 8 . 4 5 6 . 9 3 1 . 2 6 18.40 20.82 1 4 . 3 8 1 5 . 4 9 CO
t a b l e  6
SITE PREPARATION & COMPETING VEŒTATION 
(PRIMARY & SECONDARY SITE HITS COMBINED) 
MEANS & STANDARD DEVIATIONS 
(DATA IS  ON A PERCENT BASIS)
SITE PREPARATION COMPETINGVEGETA­
TIONMINERALSOIL DUPP SLASH
UNIT #1 
P&B
X 40.08 35.72 23.76 26.36
Sd 27.47 22.39 14.69 19.15 '
UNIT #6 X 33.80 39.46 26.36 38.78
P&B SD 28.56 20.12 18.70 20.50
UNIT #1 X 11.32 35.08 53.00 31.84
MBC §D 22.16 18.52 22.25 18.63
UNIT #6 X 19.68 32.22 47.94 34.78
MBC SS 22.73 18.40 20.82 15.49 Ü1
o
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s o i l  b e tw e e n  th e  two P& B t r e a tm e n t s  a t  th e  = . 05 co n f id en ce  le v e l  
(T a b le  7, below ). S im ila r ly ,  th e r e  can  be show n no a p p a re n t  d i f f e r ­
e n c e s  s t a t i s t i c a l l y  fo r  th e  am o u n ts  of s l a s h  and duff. T h e r e  is  a  d i f fe r  
e n c e  b e tw e en  th e  u n its  in  th e  d a ta  on v e g e ta t io n a l  c o m p e ti t io n  (T ab le  6). 
Unit #1 P&B h a s  only  26. 36% to ta l  v e g e ta t io n a l  c o m p e ti t io n  c o m p a re d  
w ith  38, 78% f o r  un it #6 P&B and  th is  d if fe re n c e  is  su p p o r te d  s t a t i s ­
t ic a l ly .  T h is  m a y  in d ic a te  a  g r e a t e r  d is tu rb a n c e  on un it #1 and, c o n ­
s id e r in g  th a t  l a c k  of c o m p e ti t io n  f ro m  o th e r  p la n t  s p e c ie s  m a y  b e  in -  
f lu e n c ia l  in  th e  s u c c e s s  of lodgepo le  p ine  r e g e n e ra t io n ,  m a y  exp la in  
p a r t i a l l y  d i f fe re n c e s  in  th e  a m o u n ts  of r e g e n e ra t io n ,
T A B L E  7
STA T IST IC A L  ANALYSIS O F  P& B TR E A T M E N T S
. 05 co n f id en ce  le v e l  u s in g  th e  t t e s t  
Ho: th e  P& B t r e a tm e n t s  a r e  s i m i l a r
(ac c e p t  Ho: i f  t  <  1. 645; oC = . 05)
V a r ia b le  t t e s t  v a lu e  C o n c lu s io n
m in e r a l  s o i l  t = 1. 1227 a c c e p t  Ho
duff t  = 0 .8 9 2 8  a c c e p t  Ho
s l a s h  t = 0. 772 9 a c c e p t  Ho
v e g e ta t io n a l  t = 3 .1 2 1 7  r e j e c t  Ho
co m p e ti t io n
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M a rd e n  B r u s h  C u t te r  T re a tm e n ts
W hen th e  d a ta  on m in e r a l  so i l ,  m u lch , and r o c k  (T ab le  5) a r e  
c o m b in ed  f o r  th e  MBC t r e a tm e n t s  th e  to ta l  f o r  un it #1 MBC is 11. 32%, 
w h ile  th a t  f o r  un it #6 MBC is 19, 68% (T ab le  6). T h is  d if fe re n c e  is  
s t a t i s t i c a l l y  s ig n if ic a n t  a t  th e  oC  = . 05 con fidence  le v e l  (T ab le  8) and  
s u g g e s ts  th e  s o i l  of un it #6 MBC to  be  m o r e  d is tu rb e d  th a n  the  s o i l  of 
un it #1 MBC. T he d a ta  in T ab le  6 f o r  th e  am o u n ts  of duff, s l a s h ,  and 
v e g e ta t io n  a s s o c ia te d  w ith  ea c h  un it a r e  s i m i l a r .
TA B L E  8
STA TISTIC A L ANALYSIS O F  MBC T R EA TM EN TS
. 05 co n fid en ce  le v e l  u s in g  th e  t t e s t  
Ho: th e  MBC t r e a tm e n t s  a r e  s i m i l a r  
(acc ep t Ho: if t  1. 6 4 5 ; oc = . 05)
V a r ia b le  t  t e s t  v a lu e C o n c lu s io n
m in e r a l  s o i l  t  = 1. 8707 r e j e c t  Ho
duff t  = 0. 7859 a c c e p t  Ho
s l a s h  t = 1. 1825 a c c e p t  Ho
v e g e ta t io n a l  t = 0. 8761 
c o m p e ti t io n
a c c e p t  Ho
C o m p a r is o n s  b e tw e e n  MBC and  P& B T r e a tm e n t s
P o o le d  d a ta  fo r  b o th  r e p l i c a te s  of e a ch  t r e a tm e n t  show  m e a n s  
of 39. 5% v s .  15. 5% c o v e r  f o r  m in e r a l  s o i l  and  2 5. 1% v s .  50. 5% c o v e r
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f o r  s l a s h  on P&B and MBC t r e a tm e n t s  r e s p e c t iv e ly .  T h is  is  of c o u r s e  
a  r e f le c t io n  on th e  m a n n e r  of m a n ip u la t io n  fo r  e a ch  t r e a tm e n t ,  one 
m e th o d  (P&B) d is tu rb in g  l a r g e  am o u n ts  of s o i l  and  d e s t ro y in g  m o s t  of 
th e  s la s h  and  th e  o th e r  m e th o d  cau s in g  bo th  l i t t l e  d is tu rb a n c e  of s o i l  
and  re d u c t io n  of s l a s h  v o lu m e s .  P o o led  d a ta  of duff and v e g e ta t io n a l  
c o v e r  f o r  th e  tw o  t r e a tm e n t s  show l i t t l e  d if fe re n c e ,  37. 6% v s .  33. 6% 
duff c o v e r  on P&B and MBC t r e a tm e n t s  and  32. 6% v s .  33, 3% f o r  v e g e ­
ta t io n a l  c o v e r .  T h e s e  s i m i l a r i t i e s  a r e  a r e f le c t io n  of th e  l a r g e  a m o u n ts  
of s l a s h  on th e  MBC t r e a tm e n t s ,  w hich  e s s e n t ia l ly  m a k e  it im p o s s ib le  
to  m e a s u r e  r e la t iv e ly  l a r g e  am o u n ts  of v e g e ta t io n  and duff o c c u r r in g  
b e n e a th  th e  s la s h .
A n o th e r  in te r e s t i n g  c o m p a r is o n  is f o r  the  d is t r ib u t io n  of v e g e ­
ta t io n  upon m in e r a l  and duff s t r a t a  b e tw e en  th e  tw o t r e a tm e n t s .  T he 
b e s t  w ay  of p r e s e n t in g  su c h  a  c o m p a r is o n  is  to  u se  th e  d a ta  on p r i m a r y  
and  s e c o n d a r y  s i t e  h i t s  a s  p r e s e n te d  in T ab le  9, page  54. As ex p la in ed  
in th e  d is c u s s io n  on e x p e r im e n ta l  d es ig n , a  s e c o n d a ry  h i t  r e p r e s e n t s  
th e  nex t h it  on s t r a t a  a f t e r  th e  p ro b e  p a s s e s  th ro u g h  v eg e ta t io n .  T h e r e ­
fo re ,  s e c o n d a ry  h i ts  m a y  b e  looked  upon a s  s t r a t a ,  e i th e r  m in e r a l  s o i l  
o r  duff, w h ich  s u p p o r t s  o r  is  o ccu p ied  by  so m e  p lan t s p e c ie s .  If the  
p o in te r  h it  s t r a t a  w ithou t f i r s t  s t r ik in g  v e g e ta t io n ,  th e n  th is  is c o n ­
s id e r e d  a p r i m a r y  h i t  and  th e  s t r a t a  can  b e  c la s s i f ie d  a s  s u p p o r t in g  no 
v e g e ta t io n .  T he s u m  of s e c o n d a r y  h i ts  on a c e r t a in  s t r a t a ,  s a y  m i n e r a l  
s o i l ,  is  in t e r p r e t e d  a s  th e  p e r c e n t  c o v e r  fo r  v e g e ta te d  m in e r a l  so i l .
TABLE 9
SITE PREPARATION;
MEANS OP «PRIMARY & ««SECONDARY HITS
«Primary hits- represent site hits that are unvegetated 
««Secondary hits- represents site hits that are vegetated
MINERAL DUPP SLASH
PRIMARY
HITS
SECOND.
HITS PRIMARYHITS SECOND.HITS
PRIMARY
HITS
SECOND.
HITS
#1 P&B 33.70 6.72 20.30 15.42 19.70 4.06
#6 P&B 25.98 6.80 17.22 21.40 18.10 8.26
#1 MBC 7.68 5.00 12.# 21.20 46.98 6.40
#6 MBC 13.50 5.36 12.28 19.98 38.32 9.38
C J1
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T h is  is  e a s i ly  c o n v e r te d  to  th e  p e r c e n ta g e  of m in e r a l  s o i l  o r  duff th a t  
s u p p o r ts  v e g e ta t io n  p e r  t r e a tm e n t  by  d iv id ing  th e  n u m b e r  of s e c o n d a ry  
h i ts  by  th e  n u m b e r  of s e c o n d a r y  p lu s  p r i m a r y  h i ts  on a l l  of th e  f if ty  
p lo ts  p e r  t r e a tm e n t .  P o o led  da ta  fo r  ea ch  of th e  tw o t r e a tm e n t s  th e n  
show s th a t  18. 3% of th e  m in e r a l  s o i l  and  48. 8% of th e  duff on th e  P&B 
t r e a t m e n t s  and 31. 3% of th e  m in e r a l  s o i l  and 61. 0% of th e  duff on th e  
MBC t r e a tm e n t s  s u p p o r ts  v e g e ta t io n .  T he so i l  of th e  P&B t r e a tm e n t s  
is  t h e r e f o r e  m o r e  f a v o ra b le  to  th e  e s ta b l i s h m e n t  and  s u rv iv a l  of lo d g e ­
p o le  p in e  s e e d l in g s  on duff and  e s p e c ia l ly  m in e r a l  s o i l  a s  c o m p a re d  to  
th e  MBC t r e a tm e n t s .
III. R EG EN ER A TIO N  AND M ORTALITY
In flu en ces  of T im b e r  H a rv e s t  and S ite  P r e p a r a t io n  T im in g  
on S eed ling  E m e r g e n c e
T he t im in g  of th e  a p p l ic a t io n s  of t im b e r  h a r v e s t  and s i t e  p r e p ­
a r a t io n  te c h n iq u e s ,  and s u b se q u e n tly  th e  e x p o s u re  of s e ro t in o u s  co n es  
to  s u m m e r  t e m p e r a t u r e s  r e q u i r e d  f o r  b re a k a g e  of th e  r e s i n  s e a l ,  h a s  
a m a r k e d  in f lu en c e  on a m o u n ts  and  t im in g  of lodgepo le  p in e  se e d l in g  
e m e rg e n c e .  E a c h  t r e a t m e n t  r e p l i c a t e  in  th is  s tu d y  w as  ex p o sed  to  
d if fe re n t  t im in g  s e q u e n c e s .  A re v ie w  of th e s e  ev en ts  sh o u ld  show  
s o m e  of th e  v a r i a t io n  th a t  o c c u r s  b e tw e en  th e  m e a s u r e d  r e g e n e r a ­
t io n  on each  t r e a tm e n t .
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U nit # 1 . L ogging  w as c o m p le te d  on th is  un it in  J a n u a r y  and 
F e b r u a r y  of 1967, c r e a t in g  se e d b e d s  and  exposing  s o m e  s e ro t in o u s  
co n es  to  co n d itio n s  f a v o ra b le  fo r  opening d u r in g  the  w a r m  s u m m e r .
T he s e e d  sh e d  f r o m  th e s e  cones  g e rm in a te d ,  fo llow ing w in te r  s t r a t i f i ­
c a tio n , in  th e  s p r in g  of 1968. Seven s e e d l in g s  e m e rg e d  on the  p lo ts  of 
b o th  un it #1 P&B and unit #1 MBC t r e a tm e n t s  in 1968 (T a b le 'lO , page  
57) and a r e  a r e s u l t  of s i m i l a r  logging  o p e ra t io n  e f fe c ts .
U nit #1 P&B w as p i le d  in J u ly  of 1968 and b u rn e d  in O c to b e r  
of th e  s a m e  y e a r  (T ab le  2, p age  36). C ones s c a t t e r e d  o v e r  th e  P&B 
t r e a tm e n t  d u r in g  p il in g  o p e ra t io n s  w e re  exposed  to  f a v o ra b le  t e m p e r a ­
t u r e s  f o r  b r e a k a g e  of th e  r e s i n  s e a l  d u r in g  th e  m o n th s  of J u ly  and 
A ugust of 1968, p ro v id in g  th e  s e e d  fo r  th i r ty - tw o  1969 g e rm in a t in g  
s e e d l in g s  (T ab le  10), Only tw o se e d l in g s  e m e rg e d  in  1970, in d ic a t in g  
th a t  r e g e n e r a t io n  is  e s s e n t i a l ly  co m p le te  on th is  P&B t r e a tm e n t  r e p l i ­
ca te .
Unit #1 MBC w as  r o l l e r  chopped in S e p te m b e r  of 1968. S e r o t ­
inous cones  d id  not open  u n ti l  th e  s u m m e r  of 1969. The f if te e n  s e e d ­
l in g s  g e rm in a t in g  in  1970 (T ab le  10) a r e  a  r e s u l t  of th e  1968 t r e a tm e n t  
w h ile  th o s e  of 1969 ( s ix te e n  s e e d l in g s )  a r e  p ro b a b ly  a r e s u l t  of th e  
in f lu en ce  of logging . S ince  m a n y  unopened  co n es  s t i l l  r e m a in  on 
th e  s la s h ,  r e g e n e r a t io n  cou ld  co n tin u e  f o r  s e v e r a l  m o r e  y e a r s .
S eed lin g s  th a t  g e r m in a te d  in  1967 o r  e a r l i e r  ( t h r e e - y e a r  o r  
o ld e r  s e e d l in g s  in T a b le  10) a r e  a  r e s u l t  of n a tu r a l  r e g e n e r a t io n  b e fo r e
TABLE 10: REGENERATION & MORTALITY DATA
The top figure in each box under "age classes" represents the number of seedlings found 
within the treatment plots before mortality. The lower figure represents the number of
seedlings that were mortality.
Total established seedlings per acre & seedling frequencies are found in the last two
columns.
AGE CLASSES
TREAT­ STRATA 3 YRS + 2 YRS ( 1968) 1 YRS {1969) 1970 ESTAB.-SDS/AC
SDLNG.
FREQ.MENT LPP DP LPP DP LPP DP LPP DP
UNIT #:
MINERAL
0
0
0
0
3
1
0
0
33
6
0
0
2
1
0
0 760 36%
P&B
DUPP
0
0
0
0
4
1
1
0
9
4
0
0
0
0
0
0
UNIT #6
MINERAL 00
0
0
5
0
0
0
7
2
0
0
9
4
0
0
460 20%
P&B
DUPP
1
0
0
0
0
0
0
0
4
2
0
0
3
0
0
0
UNIT #1
MINERAL 20
0
0
4
1
0
0
7
5
0
0
11
3
0
0 500 32%
MBC
DUPP
3
0
0
0
3
0
0
0
9
7
0
0
4
2
0
0
UNIT #6
MINERAL 10
0
0
3
0
1
0
10
3
;o
0
35
11
0
0 960 3h%
MBC
DUPP 52
4
0
1
1
4
3
4
2
0
0
3
2
0
0
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logg ing . F iv e  su c h  se e d l in g s  w e r e  found on unit #1 MBC p lo ts  and 
none on th e  P&B p lo ts .  T h is  is  r e a s o n a b le ,  c o n s id e r in g  th a t  P&B 
t r e a tm e n t  invo lves  a lm o s t  to ta l  d is tu rb a n c e  of th e  s i te .
Unit # 6 . Logging  w as conduc ted  on th is  un it in  Ju n e  and J u ly  
of 1967. Seed  f ro m  cones  ex p o sed  to  f a v o ra b le  t e m p e r a tu r e s  fo r  
open ing  d u r in g  th e  s u m m e r  of 1967 and fa ll in g  on f a v o ra b le  se e d b e d s  
g e r m in a te d  in  1968 and a r e  th e  r e s u l t  of logging  in f lu en c es .  F iv e  s e e d ­
l in g s  e m e r g e d  on un it #6 P&B p lo ts  and fo u r  on th e  MBC p lo ts  in  1968, 
show ing  s i m i l a r i t i e s  in  th e  logg ing  in f lu en c es  on th e  two t r e a tm e n t s .
On unit #6 P&B th e  s l a s h  w as p i le d  in  A ugust of 1968 and 
b u rn e d  in  O c to b e r ,  Som e cones  s c a t t e r e d  about th e  un it d u r in g  the  
p il in g  p r o c e s s  w e r e  ex p o sed  to  f a v o ra b le  opening t e m p e r a tu r e s  d u r in g  
th e  few r e m a in in g  days  of s u m m e r  and w e re  a v a i la b le  fo r  g e rm in a t io n  
in  1969. H ow ever, m a n y  co n es  did no t open un til  th e  fo llow ing  s u m m e r ,  
1969, and th e  s e e d  g e r m in a te d  in th e  s p r in g  of 1970. T h e re f o re ,  lo d g e ­
po le  s e e d l in g s  e s ta b l i s h e d  b o th  in 1969 (11 se e d l in g s )  and 1970 (12 
se e d l in g s )  a r e  a  r e s u l t  of t r e a tm e n t  e f fec ts .  G e rm in a t io n  on th is  
t r e a tm e n t  sh o u ld  b e  c o m p le te  a t the  p r e s e n t  t im e .
Unit #6 MBC w as  t r e a t e d  w ith  the  ro l l in g  ch o p p e r  in S e p te m ­
b e r  of 1968. T he co n es  did no t open  u n til  the  s u m m e r  of 1969. The 
38 se e d l in g s  g e r m in a te d  in  1970 a r e  a r e s u l t  of th e  1968 t r e a tm e n t  
w h ile  th o se  of 1969 (14 s e e d l in g s )  a r e  s t i l l  p r i m a r i l y  a r e s u l t  of 
th e  in f lu en ces  of logg ing . S ince  m a n y  unopened  co n e s  a r e  s t i l l
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c o n ta in e d  on s l a s h  in th is  MBC unit, r e g e n e ra t io n  shou ld  con tinue  
f o r  s e v e r a l  y e a r s .
F a c t o r s  A ffec ting  D o u g la s - f i r  R e g e n e ra t io n
T he  l a r g e  d if fe re n c e  in  s e c o n d -  and t h i r d - y e a r  (1968 and 
o ld e r )  s e e d l in g s  is  i n te r e s t in g  (Tab le  10). U. S, F . S. a e r i a l  p h o to ­
g ra p h s  of th e  s tu d y  u n its  ta k en  b e fo re  logging  w e r e  u se d  to  ex p la in  
th e s e  d i f f e re n c e s .  H e re  w e r e  d is c o v e re d  d i f fe re n c e s  in th e  o r ig in a l  
s ta n d  d e n s i t ie s  and  c o m p o s it io n  of th e  tw o u n its .  Unit # l ' s  to p o g ra p h y  
is  d i f fe re n t  f r o m  unit #6, w ith  qu ite  ro l l in g  t e r r a i n .  A lso , a  r id g e  
s p l i t s  un it #1 th a t  is  th e  d iv ide  be tw een  Bogus and G a z e lle  C re e k s .
T h is  r id g e  s p l i t s  th e  un it  in to  g en tle  n o r th  and so u th  s lo p e s .  On the  
n o r th  s lo p e s  of un it #1, w hich  is  th e  MBC t r e a tm e n t ,  the  p h o to g ra p h s  
show ed  r e l a t iv e ly  p u r e  s ta n d s  of lodgepo le  p ine . The s o u th e rn  expo- 
su i  e, w h ich  c o m p o se s  th e  P&B t r e a tm e n t ,  w as m o r e  open and c o n ­
ta in e d  D o u g la s - f i r  in  th e  o v e r s to r y .
T he to p o g ra p h y  of u n it  #6 is  qu ite  d if fe re n t ,  a g a in  be ing  
lo c a te d  on a  r id g e ,  b u t i t  i s  f la t  and s lo p in g  gen tly  f ro m  NW to  SE.
T he e x p o s u re  of th is  un it is  so u th  fac in g  ex c ep t fo r  a  h i l l  on th e  w e s t e r n  
edge of th e  cu t. F r o m  th e  top of th is  h i l l ,  ex tend ing  in to  bo th  t r e a t ­
m e n ts ,  t h e r e  w as  an  open s ta n d  of lo d g ep o le  p in e  and v e r y  l a r g e  
D o u g la s - f i r .
W hen u s in g  th e  b r u s h  c h o p p e r  to  t r e a t  s la s h ,  the  m a c h in e  
te n d s  to  r id e  on top of th e  s la s h ,  d is tu rb in g  th e  g ro u n d  l i t t le .
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C o n seq u en t ly ,  few of th e  s e e d l in g s  p r e s e n t  d u r in g  the  t r e a tm e n t  w e r e  
d e s t ro y e d .  Unit #6 MBC had  an o v e r s to r y  co n ta in ing  D o u g la s - f i r ,  
w h ich  sh ou ld  ex p la in  the  p r e s e n c e  of o ld e r  D o u g la s - f i r  s e e d l in g s .  W hy 
w e r e n ' t  t h e r e  a l s o  a n u m b e r  of o ld e r  D o u g la s - f i r  s e e d l in g s  on u n its  #1 
and #6 P&B t r e a t m e n t s ?  H e re  th e r e  w as a l s o  a  m ix e d  s ta n d . The 
p i le  and  b u r n  m e th o d  of s l a s h  d is p o s a l  invo lves  a lm o s t  c o m p le te  d i s ­
tu rb a n c e  of th e  s i t e  and  m o s t  of th e  ad vanced  r e g e n e ra t io n  w as p ro b a b ly  
d e s t ro y e d .
R e s u l ts  to  be  p r e s e n te d  in  th e  s tu m p  s u r v e y  s e c t io n  w ill  g ive 
s u p p o r t  to  th e  above  o b s e rv a t io n s  on s ta n d  co m p o s it io n s  and  D o u g la s - 
f i r  r e g e n e ra t io n .
F o u r ,  t h r e e - y e a r  and o ld e r  and f ive  1968 D o u g la s - f i r  s e e d ­
l in g s  w e r e  found on un it #6 MBC p lo ts  (T ab le  10). None w e re  found on 
th is  t r e a tm e n t  in 1969 o r  1970. One D o u g la s - f i r  s e e d l in g  w as found on 
un it #1 P&B p lo ts  and none fo r  1969 and 1970. A s e e d  s o u r c e  fo r  
D o u g la s - f i r  d o es  not e x is t  w ith in  the  c l e a r c u t  b lo c k s  follow ing t r e a t ­
m e n t s o  th a t th e  on ly  p la c e  new r e g e n e r a t io n  can  b e  ex p e c te d  is  w ith in  
a  few cha in s  f r o m  th e  cu t p e r i m e t e r .  1968 and 1969 w e r e  a p p a re n t  
p o o r  s e e d  y e a r s  f o r  D o u g la s - f i r ,  e l im in a t in g  th is  p o s s ib i l i ty .
R e la t iv e  R e g e n e ra t io n  D e n s i t ie s  and  D is t r ib u t io n s
T ab le  10 on p ag e  57 p r e s e n t s  in fo rm a t io n  on n u m b e rs  of e s t a b ­
l is h e d  se e d lin g s  p e r  a c r e  and  s e e d l in g  f r e q u e n c ie s  (p e rc e n t  m i l l  a c r e
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s to c k in g )  f o r  th e  v a r io u s  t r e a tm e n t s .  On unit #1 and unit #6 P&B 
t r e a tm e n t s  t h e r e  w e r e  found 760 and 460 e s ta b l i s h e d  s e e d l in g s  p e r  
a c r e  an d  36% v s .  20% m i l l  a c r e  s to ck in g  r e s p e c t iv e ly .  F o r  MBC 
t r e a t m e n t s ,  500 v s .  960 s e e d l in g s  p e r  a c r e  and 32% v s .  34% m il l  
a c r e  s to c k in g  w e r e  found f o r  un it #1 MBC and  unit #6 MBC. S ta t i s t ic a l  
t - t e s t s  w e r e  co nduc ted  f o r  c o m p a r is o n s  of r e g e n e r a t io n  b e tw e en  t r e a t ­
m e n ts  (T ab le  11). At th e  ^  . 05 co n fid en ce  le v e l  th e r e  w as  no s i g ­
n if ic a n t  d i f fe re n c e s  b e tw e en  e i th e r  th e  P&B o r  th e  MBC t r e a tm e n t s .
TA B L E  11
STA TISTIC A L ANALYSIS O F  R EG EN ER A TIO N  DATA
Ho' :the  r e g e n e r a t io n  found on th e  P&B t r e a tm e n t s  
a r e  s i m i l a r
Ho" :th e  r e g e n e r a t io n  on the  MBC t r e a tm e n t s  a r e  
s i m i l a r
H o" ':the  poo led  r e g e n e ra t io n  d a ta  fo r  P&B t r e a tm e n t s  
a r e  s i m i l a r  to  th e  poo led  MBC t r e a tm e n t  d a ta  
(acc ep t Ho: if  t  c  1. 645; oC = . 05)
V a r ia b le  t t e s t  v a lu e  C o n c lu s io n s
P&B re g e n .  t = 1. 151 a c c e p t  Ho'
MBC re g e n .  t = 1 .4 7 6  a c c e p t  Ho"
(b a re ly )
poo led  MBC v s .
poo led  P&B re g e n .  t  = 0 .6 5 1 4  a c c e p t  Ho III
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Since  th e  h y p o th e s is  of l ik e  r e s u l t s  w ith in  t r e a tm e n t s  could 
no t be  r e je c te d ,  it is  a p p r o p r ia te  to  poo l the  r e g e n e r a t io n  d a ta  fo r  MBC 
t r e a tm e n t s  fo r  c o m p a r is o n  to  th e  r e s u l t s  of poo led  P&B d a ta . T he t -  
t e s t  a g a in  sh o w s no s ig n i f ic a n t  d if fe re n c e  a t the  oC= . 05 con fidence  
l e v e l  (T ab le  11) s o  th a t  we can  not r e j e c t  th e  h y p o th e s is  th a t  th e  r e ­
s u l t s  of th e  r e g e n e r a t io n  b e tw een  the  tw o t r e a tm e n t s  a r e  d if fe re n t .  
T h e r e f o r e ,  t h e r e  is  no f i r m  g round  upon w hich  th is  s tu d y  can  m a k e  
r e c o m m e n d a t io n s  of e i th e r  P&B o r  MBC m e th o d s  b a s e d  on r e g e n e ra t io n  
a lo n e . T h ey  h av e  s i m i l a r  r e s u l t s .
P e r c e n t  m i l l  a c r e  s to c k in g  is  p ro b a b ly  one of th e  b e s t  in d i­
c a t o r s  of th e  e f fe c t iv e n e s s  of r e g e n e ra t io n  te c h n iq u e s .  F o r  lodgepo le  
p in e , a  p e r c e n t  m i l l  a c r e  s to c k in g  of 50-65% , in co m b in a tio n  w ith  a 
s e e d l in g  d e n s i ty  of 500-650 s e e d l in g s  p e r  a c r e ,  shou ld  b e  o p tim u m  
bo th  in  t e r m s  of g ro w th  of in d iv idua l s te m s  and  in  re d u c in g  ex p e n s iv e  
th in n in g s  to  a  m in im u m . R e g e n e ra t io n  would b e  s c a t t e r e d  v e r y  u n i ­
f o rm ly  about th e  t r e a t e d  a r e a  a t su c h  a s to ck in g  le v e l .  On a l l  t r e a t ­
m e n t  r e p l i c a t e s  of th is  s tu d y  th e  n u m b e rs  of e s ta b l i s h e d  se e d l in g s  p e r  
a c r e  w e r e  s i m i l a r  to  th e  o p tim u m  f ig u re  bu t th e  p e r c e n t  m i l l  a c r e  
s to c k in g  w as  low. R e g e n e ra t io n  in a l l  c a s e s  h as  o c c u r r e d  in  d e n se  
s c a t t e r e d  p a tc h e s .  T h inn ings  w il l  b e  r e q u i r e d  w ith in  m o s t  of th e s e  
p a tc h e s  of r e g e n e r a t io n  and  p la n t in g s  w ill  be  n eed ed  in  th e  u n d e r ­
s to c k e d  a r e a s .  Both  th e  P&B and  MBC t r e a tm e n t s  h av e  fa i le d  in th is  
ob jec tiv e .
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S eed lin g  M o r ta l i ty
S eed ling  m o r ta l i ty  d a ta  is  s u m m a r iz e d  in  T a b le s  10, 12 and 
13. T a b le  10, p ag e  57, show s sp e c if ic  r e la t io n s h ip s  of m o r ta l i ty  
to w a rd s  s p e c ie s  of se e d l in g ,  s t r a t a ,  to ta l  r e g e n e ra t io n  b e fo re  m o r ta l i ty ,  
and  ag e  c l a s s .  T ab le  12, p ag e  64, show s m o r ta l i ty  b y  c a u s a l  f a c to r ,  
s t r a t a ,  s p e c ie s ,  and  ag e  c l a s s .  T a b le s  10 and 12 a r e  s u m m a r iz e d  in  
T a b le  13. S eed ling  m o r ta l i ty  shou ld  be  th e  r e s u l t  of cond itions  in  the  
m ic r o - e n v i r o n m e n t  of in d iv id u a l s e e d l in g s  and  not the  r e s u l t  of the  
ty p e  of t r e a tm e n t .  The c a u s e s  of m o r ta l i ty  th e  p a s t  two s u m m e r s  
w e r e  d ro u g h t,  co n su m p tio n  o r  b u r ia l  by  s m a l l  a n im a ls ,  and  unknown. 
T he  l a s t  c h a r t  in  T ab le  13 g iv e s  a  s u m m a r y  fo r  m o r ta l i ty  fo r  a l l  un its  
co m b in ed . A to ta l  of 133 s e e d l in g s  g e rm in a te d  on a l l  p lo ts  on m in e r a l  
s o i l  and  62 on duff, le ad in g  to  the  opin ion  th a t  m in e r a l  s o i l  is  a s u p e ­
r i o r  s t r a t a  f o r  lo d g ep o le  p ine  r e g e n e ra t io n .  P ro c e e d in g  down th e  
c h a r t ,  we s e e  a  h ig h e r  p e r c e n ta g e  f o r  d ro u g h t m o r ta l i ty  on duff (38. 7%) 
th an  f o r  m in e r a l  s o i l  (16. 5%). Duff te n d s  to r e t a r d  p e n e t r a t io n  of 
r a in f a l l  in to  th e  m in e r a l  s o i l  b en e a th .  Seedling  ro o ts  m a y  not p e n e ­
t r a t e  beyond  th is  s o u r c e  of m o is tu r e  and, w hen th e  duff d r i e s  out in 
la te  s u m m e r ,  th e  s e e d l in g s  d ie . F o r  th e  o th e r  c a u s e s  of m o r ta l i ty  we 
have  h ig h e r  p e r c e n ta g e s  on m in e r a l  so i l .  Six p e r c e n t  of th e  s e e d l in g s  
w e r e  e a te n  b y  a n im a l s ,  r a n g in g  f ro m  Ju n e  os to  m ic e ,  1 .5%  w e r e  
b u r ie d  by  p o c k e t  g o p h e r  b u r r o w s ,  and  3 .7%  d ied  f ro m  unknown c a u s e s  
on m in e r a l  s o i l .  On duff, 1. 6% of th e  s e e d l in g s  d ied  b y  b u r i a l  and
TABLE 12
SEEDLING MORTALITY DATA 
8" CIRCLE OP INFLUENCE COMBINED
AGE CLASSES-
TREAT­
MENT
MORTALITY
FACTORS
3 y r .+ 2 y r .  ( 1968) 1 y r .  ( 1969) 1970
MIN DUPP MIN DUPP MIN DUFF MIN DUPP
#1 P&B
DROUGHT 0 0 1 1 1 3 1 0
EATEN 0 0 0 0 1 0 0 0
BURIED 0 0 0 0 2 1 0 0
UNKNOWN 0 0 0 0 2 0 0 0
#6 P&B
DROUGHT 0 0 0 0 1 2 4 0
EATEN 0 0 0 0 0 0 0 0
BURIED 0 0 0 0 0 0 0 0
UNKNOWN 0 0 0 0 1 0  ̂ 0 0
#1 MBC
DROUGHT 0 0 0 0 1 6 3 2
EATEN 0 0 0 0 4 0 0 0
BURIED 0 0 0 0 0 0 0 0
UNKNOWN 0 0 1 0 0 1 0 0
#6 MBC
DROUGHT 0 2 0 4 0 2 10 2
EATEN 0 0 0 0 3 0 0 0
BURIED 0 0 0 0 0 0 0 0
UNKNOWN 0 0 0 0 0 0 1 0
TABLE 13
SUMMARY OP MORTALITY CAUSAL FACTORS: I969, 1970,& OVERALL (1965-1970)
Notice the percentages showing the relationship of the various types
of mortality towards their strata.
STRATA----------
TOTAL GERMINATED- SEEDLINGS
TOTAL MORTALITY- 
BROUGHT MORTALITY 
EATEN MORTALITY- 
BURIED MORTALITY- 
UNKNOWN MORTALITY
1969 SUMMARY 1970 SUMMARY
OVERALL SUMMARY
1965-1970
MINERAL DUFF MINERAL DUFF MINERAL DUFF
57( 6 8 . 7^) 26( 31. 3$) 57( 85 . 1$) 10( 14. 9$) 133( 68 . 2$: 62 ( 3 1 . 8$:
16( 28. 1^) 15( 57. 7$) 19( 33. 3$) 4 (40 . 0$) 37( 27 . 8$) 26(41 . 9$)
3 ( 5 - 3^) 13( 50. 0$) 18( 3 1 . 6$) 4 (40 . 0$) 22( 16 . 5$) 24( 38 . 7$)
8( 14. 0^) 0 0 0 8 ( 6 . 0$) 0
2( 3 . 5^) 1( 3 . 8$) 0 0 2( 1 . 5$) 1( 1 . 6$)
3 ( 5 . 2)2) 1( 3 . 8$) 1( 1 . 8)2) 0 1 5( 3 . 76$) 1( 1 . 6$) 05cn
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1. 6% b y  unknown c a u s e s .  T h e se  d i f fe re n c e s  can  b e  a t t r ib u te d  to  
e a s i e r  a n im a l  a c c e s s  to s e e d l in g s  due to  the  open n a tu re  of c o v e r  on 
m i n e r a l  so i l .
T he o th e r  tw o c h a r t s  of T ab le  13 show th e  d i f fe re n c e  b e tw e en  
1969 and  1970 m o r ta l i ty .  M ost im p o r ta n t  is th e  d if fe re n c e  in d rough t 
m o r t a l i t y  o c c u r r in g  on m in e r a l  s o i l  fo r  th e  two y e a r s .  T h is  am o u n ted  
to  only  5. 3% in  1969 a s  c o m p a re d  to  31. 6% in 1970. T h is  show s 1970 
to  b e  a n  e x t r e m e ly  d r y  s e a s o n  in c o m p a r is o n  to 1969, w ith  so i l  m o i s ­
t u r e  co n d itio n s  b e in g  c r i t i c a l  even  on m in e r a l  so i l .  D ata  p r e s e n te d  in 
th e  r e s u l t s  s e c t io n  f o r  w e a th e r  c o n f i rm  th is  o b se rv a t io n .  T o ta l  p r e c i p ­
i ta t io n  f o r  th e  c r i t i c a l  m o n th s  of Ju n e ,  Ju ly ,  and A ugust of 1970 w as 
only  4. 85 in c h e s  a s  c o m p a re d  to  7. 65 in c h es  fo r  1969, a  y e a r  in  w hich  
d ro u g h t m o r ta l i ty  w as m in im a l  on m in e r a l  so i l .
IV. STU M P SURVEY
T he d a ta  f o r  m e rc h a n ta b le  t im b e r  on th e  s tu d y  un its  a r e  p r e ­
se n te d  in T ab le  14, p a g e  67. T re a tm e n ts  #1 P&B and #6 MBC had  
r e la t iv e ly  h igh  a m o u n ts  of c o m m e r c ia l  D o u g la s - f i r  in  c o m p a r is o n  w ith  
th e  o th e r  tw o t r e a t m e n t s .  T h is  le n d s  s u p p o r t  to  a rg u m e n ts  on D o u g la s - 
f i r  r e g e n e ra t io n  p r e s e n t e d  in  th e  d i s c u s s io n  of r e g e n e r a t io n  r e s u l t s ,  
page  59. T he n u m b e rs  of s e e d  p e r  a c r e  c o n ta in e d  in  s e ro t in o u s  co n es  
on c o m m e rc ia l  t im b e r  sh o w s th e  s e e d  s o u r c e  to  b e  v e r y  l a r g e  on a l l  
t r e a tm e n t s .  The m e th o d  u se d  f o r  th e  d e te r m in a t io n  of s e e d  n u m b e rs
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(page 44) w as not v e r y  a c c u r a te  so  th a t  th e  f ig u re s  g iven  can  not be  
u s e d  f o r  any  in f e r e n c e s  to w a rd s  e s ta b l i s h e d  r e g e n e ra t io n  on th e  two 
t r e a tm e n t s .
T A B L E  14 
STU M P SURVEY
M e a s u r e m e n ts  of s tu m p s  e igh t in c h es  and l a r g e r  
d i a m e t e r  c o n v e r te d  to  b a s a l  a r e a  p e r  a c r e  and  n u m b e r  of 
lo d g ep o le  p in e  s e e d  co n ta in ed  in  s e ro t in o u s  co n e s  p e r  
a c r e .
T r e a tm e n t B a s a l  a r e a  
(sq. ft. )
S e e d /a c r e
#1 P&B L P P - 7 6 .  58 
D P  14. 44
2 ,8 4 6 ,4 0 0
#1 MBC L P P - 8 6 .  65 
D F -5 .  80
4, 437, 900
#6 P&B L P P - 6 7 .  85 
D F -3 .  01
2, 333, 900
#6 MBC L P P - 8 0 .  04 
D F -1 6 .  98
2, 834, 900
C H A P T E R  VI
DISCUSSION
I. F IE L D  TECHNIQUES
P r e - t r e a t m e n t  S tand In v e n to ry
T h is  s tu d y  w as in i t ia te d  fo llow ing co m p le t io n  of logging  and 
s l a s h  t r e a tm e n t  on th e  c l e a r c u t  u n its .  E l im in a t io n  of a s u r v e y  of 
s ta n d  c o n d i t io n s  and  c o m p o s i t io n s  a s  th e y  e x is te d  b e fo re  s i lv ic u l tu r a l  
p r e s c r i p t i o n  is  th e  l a r g e s t  e r r o r  a s s o c ia te d  w ith in  th e  s tudy . Such a 
s u r v e y  w ould h av e  p ro v id e d  v a lu a b le  in fo rm a tio n  on s ta n d  s t r u c t u r e  
and  fu n c tio n . T he d is t r ib u t io n  of s ta n d  g ro w th  p a t t e r n s ,  su c h  a s  d e n ­
s i ty ,  ag e ,  and  s iz e  c l a s s e s ,  could  have  b ee n  c o r r e l a t e d  w ith  th e  r e s u l t s  
of s i t e  p r e p a r a t io n  and  r e g e n e ra t io n  on bo th  th e  p i le  and b u rn  and 
b r u s h  c u t t e r  t r e a t m e n t s .  A d d itio n a l m e a s u r e m e n t s  on th e  in c id e n c e  
of cone  s e r o t in y  w ould  have  p ro v id e d  in fo rm a t io n  fo r  c o r r e l a t io n  w ith  
p a t t e r n s  of r e g e n e r a t io n  on th e  u n its .
P lo t  L o c a tio n
On un it #6 one l in e  w as  u se d  fo r  p lo t  lo c a t io n  on e a ch  of the  
t r e a tm e n t s .  T h is  w as  b e l ie v e d  to  b e  su f f ic ie n t  due to  th e  hom o g en eo u s  
n a tu re  of th e  to p o g ra p h y  of the  un it. H ow ever, d u r in g  th e  c o l le c t io n  of
d a ta  d u r in g  th e  p a s t  tw o s u m m e r s ,  it w as  recogniz^ed th a t  c o n s id e r a b le  
v a r ia t io n  w ith in  th is  un it in s o i l s  and  in  th e  o r ig in a l  o v e r s to r y
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c o m p o s i t io n  w a r r a n te d  m o re  th o ro u g h  p lo t c o v e ra g e ,  A p r o p e r  s u r v e y  
of th e  o r ig in a l  s ta n d  co nd itions  w ould have  show n th is  v a r ia t io n  and 
s u g g e s te d  a d i f fe re n t  sa m p lin g  tech n iq u e , A g r id  s y s t e m  of p lo t l o c a ­
t io n  m ig h t  h ave  b een  u se d  on th is  unit, p ro v id in g  m o r e  e f f ic ien t c o v e r ­
a g e  of th e  e x is t in g  v a r ia t io n .
U nit #1 had  tw o l in e s  of p lo ts  e s ta b l i s h e d  on ea c h  t r e a tm e n t .
It a p p e a r s  th a t  th e  e s ta b l i s h e d  p lo ts  p ro b a b ly  p ro v id e d  f o r  s a m p lin g  of 
m o s t  of th e  v a r ia t io n  e x is t in g  on the  t r e a tm e n t s .
N u m b e r  of R e p l ic a te s
A d m itted ly , hav ing  only  two r e p l ic a te s  of e a c h  t r e a tm e n t  
l im i t s  th e  s c o p e  of th e  co n c lu s io n s  th is  s tu d y  m a y  e x p r e s s .  M ore  
t im e  and  s u p p o r t  w ould have  a llow ed  sa m p lin g  of m o r e  u n its  w ith  v a r y ­
ing a s p e c t s ,  s lo p e s ,  e le v a t io n s ,  and s ta n d  c o m p o s i t io n s .
S ite  P r e p a r a t io n  M e a s u re m e n ts
O r ig in a l  m e a s u r e m e n t s  of s i t e  p r e p a r a t io n  in c luded  e s t im a te s  
of th e  am o u n ts  of m in e r a l  so i l ,  m u lch , ro ck , duff, s l a s h ,  and v e g e ta ­
tion , As e x p r e s s e d  in  s i t e  p r e p a r a t io n  r e s u l t s ,  m u lch  sh o u ld  have  
b e e n  c l a s s i f i e d  as  m in e r a l  s o i l  due to  d if f ic u l t ie s  of in te r p r e t a t i o n  
am ong  in v e s t ig a to r s .  In ad d it io n , m e a s u r e m e n ts  of m in e r a l  s o i l  shou ld  
have in c lu d ed  a  c a te g o ry  f o r  b u rn e d  m in e r a l  s o i l  o c c u r r in g  on P&B 
t r e a tm e n t s .  V isu a l  e s t im a te s  show ed  #1 P&B and  #6 P&B t r e a tm e n t s  
to  be  s i m i l a r  a s  to  th e  a m o u n ts  of s o i l  ex p o sed  w h e re  p i le s  w e r e
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b u r n e d  (a p p ro x im a te ly  9% v s .  8% r e s p e c t iv e ly ) .  In add ition , un it #1 
P& B had  a  r a t h e r  e x te n s iv e  a r e a  w h e re  an  u n c o n tro l le d  g ro u n d  f i r e  
ex p o se d  s o m e  m in e r a l  s o i l  (a p p ro x im a te ly  7%). R e g e n e ra t io n  canno t 
b e  e x p e c te d  on th e s e  b u rn e d  a r e a s  due to  the  d e s t ru c t io n  of s e e d  by  
th e  f i r e .  In fa c t ,  only  one s e e d l in g  w as o b s e rv e d  to  e m e r g e  on b u rn e d  
s o i l .  T h e r e f o r e ,  th e  e f fec t iv e  m in e r a l  s o i l  in r e s p e c t  to  r e g e n e ra t io n  
sh o u ld  b e  th e  am oun t e x p r e s s e d  in  the  s i t e  p r e p a r a t io n  ta b le s  m in u s  
th e  u n re c o rd e d  am o u n ts  of b u rn e d  m in e r a l  so i l .  T h is  am oun t would 
b e  s i m i l a r  f o r  th e  two P&B t r e a tm e n t s .
M e a s u re m e n ts  of duff shou ld  h av e  b e e n  su b d iv id ed  in to  d i s ­
tu r b e d  and u n d is tu rb e d  duff. D is tu rb e d  duff, due to  d e s t ru c t io n  of 
v e g e ta t io n a l  co m p e ti t io n ,  shou ld  b e  m o r e  conducive  to  e s ta b l i s h m e n t  
r e g e n e ra t io n .
S ubd iv is ions  of s l a s h  shou ld  have  inc luded  m e a s u r e m e n ts  of 
s i z e  and  depth . Som e p lo ts ,  co n ta in ing  a r a t h e r  th in  s c a t t e r in g  of 
tw ig s ,  n e e d le s ,  and  c o n e s ,  r e c e iv e d  s i m i l a r  e s t im a te s  of s l a s h  c o v e r  
a s  p lo ts  c o v e re d  w ith  d eep  a c c u m u la t io n s  of b ra n c h e s  and lo g s .  R e ­
g e n e ra t io n  c a n  b e  e x p e c te d  on th e  f o r m e r  p lo t b u t is  im p o s s ib le  on th e  
l a t t e r .
II. COM PARISONS O F  TR EA TM EN TS
Site P r e p a r a t i o n
W ith in  P& B t r e a tm e n t s .  T h e r e  w as  found to  b e  only  one
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d if fe re n c e  am o n g  th e  v a r i a b le s  of s i t e  p r e p a r a t io n  on th e  P&B t r e a t ­
m e n ts .  T h is  d i f fe re n c e  w as  in th e  am o u n ts  of v e g e ta t io n .  S e v e ra l  
r e a s o n s  cou ld  b e  r e s p o n s ib le  fo r  th is  d if fe re n c e .  F i r s t ,  t h e r e  could 
h a v e  b e e n  r e a l  d i f fe re n c e s  in  t r e a tm e n t  e f fe c ts ,  a  g r e a t e r  d is tu rb a n c e  
on un it #1, P& B d e s t ro y in g  m o r e  of th e  v e g e ta t io n .  Secondly , th e  
g r e a t e r  d e g re e  of b u rn in g  on un it #1, due to  the  u n c o n tro l le d  g ro u n d  
f i r e ,  d e s t ro y e d  ad d i t io n a l  am o u n ts  of v eg e ta t io n . It is  p ro b a b ly  t r u e  
th a t  a  c o m b in a t io n  of th e s e  f a c to r s  is  r e s p o n s ib le .  T he on ly  o th e r  
n o t ic e a b le  d i f fe re n c e  in  s i t e  p r e p a r a t io n  v a r i a b le s  w as  in  th e  am oun t 
of m i n e r a l  s o i l  on th e  tw o P&B t r e a tm e n t s .  H ow ever, th is  d if fe re n c e  
w as  not s ig n i f ic a n t  s t a t i s t i c a l ly .  The only r e a l  d i f fe re n c e  w as  p ro b a b ly  
due to  th e  s a m e  g ro u n d  f i r e ' s  e x p o s u re  of ad d it io n a l am o u n ts  of m in ­
e r a l  s o i l .
W ith in  MBC t r e a tm e n t s .  W ith in  th e  MBC t r e a tm e n t s  the  
only  s ig n i f ic a n t  d i f fe re n c e  in  s i t e  p r e p a r a t io n  v a r ia b le s  w as in  the  
am o u n t of m in e r a l  so i l .  A ll o th e r  v a r i a b le s  w e r e  s im i l a r .  W h e th e r  
th is  d i f fe re n c e  is  a t t r ib u ta b le  to  d i f fe re n c e s  in th e  am o u n ts  of m in e r a l  
s o i l  ex p o sed  d u r in g  logg ing  o r  s l a s h  t r e a tm e n t  canno t b e  d e te rm in e d .  
H ow ever, c o n s id e r in g  th e  v e r y  s i m i l a r  r e s u l t s  fo r  th e  o th e r  v a r i a b le s ,  
th e  e f fe c ts  of logg ing  m ig h t  b e  m o r e  in f lu e n t ia l .  E ven  then , th e  o v e r ­
a l l  e ffec t  is  w hat is  im p o r ta n t ,  a s  m in e r a l  s o i l  is  in f lu e n t ia l  on r e g e n ­
e r a t io n  r e g a r d l e s s  of i ts  s o u r c e .
B e tw ee n  th e  MBC and  P& B t r e a tm e n t s .  T h e r e  a r e  v e r y
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l a r g e  d i f f e re n c e s  in  th e  s i t e  p r e p a r a t io n  e f fec ts  b e tw e en  th e  MBC and 
P& B t r e a tm e n t s .  C o n s id e r in g  th e  te ch n iq u e s  of s l a s h  t r e a tm e n t  i n ­
v o lv ed , th e s e  r e s u l t s  a r e  not s u r p r i s in g .  T he b r u s h  c u t te r  d is tu rb s  
th e  s o i l  l i t t l e  and  le a v e s  l a r g e  am o u n ts  of s l a s h  w h ile  the  p i le  and 
b u r n  t r e a tm e n t  h as  o p p o s ite  e f fe c ts .
T he  r e g e n e ra t io n  t r ia n g le  e x p r e s s e s  th e  t h r e e  f a c to r s  n e c e s ­
s a r y  fo r  s u c c e s s fu l  r e g e n e ra t io n :  s e e d  s o u r c e ,  se e d b ed ,  and  c o n d i­
t io n s  f a v o ra b le  to  s u rv iv a l .  The P&B t r e a tm e n t  show s h igh  am o u n ts  
of m in e r a l  s o i l ,  p ro v id in g  a m p le  se e d b e d s  and  a s u i ta b le  m o is tu r e  r e ­
g im e  f o r  s u r v iv a l  of s e e d l in g s ,  and  r e la t iv e ly  low am o u n ts  of s e e d  in 
r e la t io n  to  th e  t r ia n g le .  T he in v e r s e  is  t r u e  w ith  MBC t r e a tm e n t s ,  
t h e r e  b e in g  l i t t l e  e x p o s u re  of p r o p e r  se e d b e d s  bu t im m e n s e  su p p l ie s  
of s e e d  c o n ta in e d  in  s e ro t in o u s  co n e s  co n ta in e d  on s la s h .  H ow ever, it 
is  not th e  r e la t iv e  p ro p o r t io n s  of ea c h  of th e  th r e e  f a c to r s ,  bu t th e  
c o r r e l a t i o n  of a l l  t h r e e  th a t  d e te r m in e s  th e  s u c c e s s  of r e g e n e r a t io n  on 
a t r e a tm e n t .  T h is  s u c c e s s  is  e x p r e s s e d  b y  th e  am oun t of r e g e n e ra t io n  
th a t  b e c o m e s  e s ta b l i s h e d  on th e  v a r io u s  t r e a tm e n t s .
R e g e n e ra t io n  an d  M o r ta l i ty
R e s u l t s  h av e  show n t h e r e  to  b e  no d i f f e re n c e s  in  e s ta b l i s h e d  
r e g e n e r a t io n  w ith in  t r e a t m e n t s .  T a b le  15, p ag e  73, show s po o led  
d a ta  f o r  g e r m in a te d  s e e d l in g s  on P&B and  MBC t r e a tm e n t s .  E ig h ty - 
one s e e d l in g s  e m e r g e d  on P&B t r e a t m e n t s ,  of w h ich  21, o r  2 5. 9%,
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d ied . On MBC t r e a tm e n t s  114 s e e d l in g s  e m e rg e d ,  of w hich  42 d ied , 
o r  36. 8%. T he s m a l l e r  n u m b e rs  of s e e d l in g s  th a t  e m e rg e d  on P&B 
t r e a tm e n t s  is  a  r e f le c t io n  of a  s m a l l e r  s e e d  s o u rc e ,  m u ch  of th e  s e e d  
b e in g  d e s t ro y e d  in the  b u rn in g  p r o c e s s .  On MBC t r e a tm e n t s  se e d  
s o u r c e s  w e r e  l a r g e ,  r e s u l t in g  in l a r g e r  am o u n ts  of g e rm in a te d  s e e d ­
l in g s  d e s p i te  r e la t iv e ly  s m a l l  q u a n t i t ie s  of m in e r a l  so i l .  At th is  po in t 
th e  th i r d  f a c to r  of th e  r e g e n e ra t io n  t r ia n g le  b e c o m e s  im p o r ta n t ,  c o n ­
d it io n s  f a v o ra b le  to  s u rv iv a l .  R e su l ts  have  shown the  m in e r a l  and duff 
s o i l s  of th e  P&B t r e a tm e n t s  to  su p p o r t  c o n s id e ra b ly  l e s s  v e g e ta t io n  
th a n  th e  MBC t r e a tm e n t s .  T h is , a long w ith  l a r g e  q u an t i t ie s  of s la s h  
and  u n d is tu rb e d  duff, r e s u l t e d  in  h ig h e r  r a t e s  of m o r ta l i t i e s  fo r  MBC 
s e e d l in g s  (T ab le  15). The o v e ra l l  r e s u l t  is  th a t  th e r e  can  b e  show n no 
s t a t i s t i c a l  d i f fe re n c e  b e tw e en  th e  tw o t r e a tm e n t s  in th e i r  am oun ts  of 
s u c c e s s f u l  e s ta b l i s h e d  r e g e n e ra t io n .  D if fe re n t  f a c to r s  of input in to  the  
r e g e n e r a t io n  t r i a n g le  have  r e s u l t e d  in  s i m i l a r  o v e ra l l  e f fec ts  in the  
s u c c e s s  of r e g e n e ra t io n .
T A B L E  15
P O O L E D  M O RTA LITY  DATA WITHIN TR EA TM EN TS
T r e a tm e n ts N u m b e r  of No. of S eed lings
G e rm in a te d  S eed lings b ec o m in g  M o r ta l i ty
P&B 81 21 o r  2 5, 9%
MBC 114 42 o r  36. 8%
C H A PTE R  VII 
CONCLUSIONS
S ince  r e g e n e ra t io n  fo r  MBC and  P&B t r e a tm e n t s  h as  b ee n  
show n to  be  s i m i l a r ,  o th e r  f a c to r s  need  to  b e  c o n s id e re d  in choosing  
b e tw e e n  P&B and  MBC m e th o d s  of s l a s h  d is p o s a l  in lodgepo le  p ine  
s ta n d s .  T h e se  m a y  inc lude  o r ig in a l  s ta n d  co m p o s it io n , e c o n o m ic s ,  
f i r e  h a z a rd ,  a i r  po lu tion , and a e s th e t ic s .
S tand c o m p o s it io n  h as  a m a rk e d  effec t on the  e f f ic ie n cy  of th e
b r u s h  c h o p p e r .  In n a tu ra l  s ta n d s  of t im b e r  in th e  w e s te r n  s t a t e s  th e r e
is  ty p ic a l ly  a  l a r g e  r e s id u a l  v o lu m e of s la s h  fo llow ing logging. T h is  is
p a r t i c u l a r l y  t r u e  w ith  lodgepo le  p ine  s ta n d s .  W hen t r e a t in g  an a r e a  of
h e a v y  s l a s h  a c c u m u la t io n  w ith  th e  b r u s h  c h o p p e r  th e  t r a c t o r  and c u t te r
a r e  fo rc e d  to  r id e  on top of s e v e r a l  fee t  of s p r in g y  s la s h  and the
c u t t in g  a c t io n  of th e  b la d e s  is  r e d u c e d .  T he r e s u l t s  of su c h  a s i tu a t io n
a r e  i l l u s t r a t e d  g r a p h ic a l ly  in P la t e  17, page  75. Such an  a r e a  is  unfit
fo r  m an , b e a s t ,  o r  r e g e n e ra t io n ,  and  w ill  be  a h igh  f i r e  h a z a r d  f o r
m a n y  y e a r s .  U n til  th e  day  c o m e s  w hen lo d g ep o le  p ine  s ta n d s  a r e  u n d e r
m a n a g e m e n t  p ro d u c in g  l i t t l e  w a s te  in  u n m e rc h a n ta b le  s iz e  c l a s s e s  th e
b r u s h  c h o p p e r  sh o u ld  be  r e s t r i c t e d  to  u se  in th o se  s i tu a t io n s  w h e re
th e r e  is  l i t t l e  r e s id u a l  s l a s h  v o lu m e s .  S i lv ic u l tu ra l  m e th o d s  su c h  as
p il in g  and  b u rn in g  w ill  n eed  to  be u se d  in  c a s e s  w h e re  h eav y  r e s id u a l  
s l a s h  v o lu m e s  e x is t .
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P L A T E  17
A N  A R E A  O F  H E A V Y  S L A S H  A C C U M U L A T IO N  T R E A T E D  
W IT H  T H E  M A R D E N  B R U SH  C U T T E R
T h e  p r o f e s s i o n  of f o r e s t r y  h a s  e n t e r e d  a n  e r a  in  w h ic h  p u b l i c  
o p in io n  w i l l  b e  a  d e c id in g  f a c t o r  in  th e  m a n a g e m e n t  t e c h n iq u e s  a p p l i e d  
t o  t h e  u t i l i z a t i o n  of o u r  f o r e s t  r e s o u r c e s .  N o l o n g e r  c a n  th e  f o r e s t e r  
p r o c e e d  in  h i s  s m a l l  w o r l d  of s e l f - c o n c e i t ,  i g n o r in g  th e  f e e l i n g s  a n d  
w i s h e s  of t h e  c o m m o n  m a n .  A i r  p o lu t io n  i s  a n  e v e r y d a y  w o r d  w h ic h  
m a y  s p e l l  t h e  d o o m  of p r e s c r i b e d  b u r n i n g .  A e s t h e t i c s  m a y  b r i n g  a n  
e n d  to  t h e  p r a c t i c e  of c l e a r c u t t i n g .  T h e  p o in t  i s  t h i s :  t h e  b r u s h  c u t t e r
i s  o n ly  o n e  m e t h o d  u s e d  in  th e  m a n a g e m e n t  of  o u r  f o r e s t  l a n d s .  
W h a t  m e t h o d s  a r e  t o  b e  u s e d  m u s t  b e  b a s e d  o n  e c o l o g i c a l  c o m m o n
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s e n s e ,  w ith  an  eye  to  th e  w ill  of th e  pub lic . T he  b r u s h  c u t te r  h a s  
i ts  p la c e  in th e  m a n a g e m e n t  of o u r  f o r e s t  la n d s .  P le a s e  d o n 't  
a b u s e  th a t  p r iv i le g e .
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